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PREFACE. 


In  accordance  with  the  rules  of  the  National  Academy  of 
Sciences,  it  is  the  duty  of  the  President,  upon  the  death  of  any 
member,  to  select  some  one  to  prepare  a  biographical  memoir 
of  the  deceased.  Such  memoirs  have  been  collected  in  perma- 
nent form  from  time  to  time,  for  the  use  of  the  Academy  and 
for  distribution  among  the  large  libraries  of  this  country  and 
Europe. 

The  present  is  the  sixth  volume  and  contains  eighteen  mem- 
oirs, one  of  which  (that  of  W.  A.  Rogers)  is  merely  the  second 
part  of  a  memorial  sketch  published  in  the  fifth  volume,  giving 
a  statement  of  his  astronomical  work.  Each  biography  is  sup- 
plemented by  a  list  of  the  more  important  scientific  publica- 
tions of  the  deceased  and  is  accompanied  by  a  likeness  and  fac- 
simile of  the  signature  of  the  deceased  member.  It  should  be 
stated  that  several  of  the  memoirs  here  brought  together  for  the 
first  time  have  been  published  elsewhere. 

With  the  close  of  this  volume  ninety-four  of  these  biogra- 
phies will  have  been  published  by  the  Academy. 

Arnold  Hague, 

Home  Secretary, 

Washington,  D.  C,  September  25,  1909. 
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BIOGRAPHICAL  MEMOIR  OF  JOHN  STRONG  NEWBERRY. 


It  is  more  than  ten  years  since  our  honored  associate,  Dr. 
John  S.  Newberky,  died,  but  that  event  has  not  hitherto  been 
conimemorated  in  the  archives  of  the  Academy  by  the  usual 
biographical  memoir.  Because  of  the  great  excellence  of  his 
character,  and  especially  because  it  was  long  my  privilege  to  call 
him  my  friend,  I  promptly  undertook  the  task  that  has  lately 
been  assigned  to  me  of  preparing  such  a  memoir,  and  I  herewith 
present  it  to  you. 

John  Strong  Newberry  was  born  in  the  town  of  Windsor, 
Connecticut,  on  December  22, 1822,  and  died  in  the  city  of  New 
Haven,  Connecticut,  on  December  7,  1892,  having  then  almost 
completed  three  score  and  ten  years.  He  was  a  man  of  such 
prominence  in  scientific,  educational,  and  national  affairs  and 
so  much  loved  and  respected  by  those  who  knew  him,  that  many 
biographical  sketches  of  him  were  published  soon  after  his  death. 
The  facts  pertaining  to  his  life  and  labors  have  been  so  fully  set 
forth  in  those  sketches  that,  although  I  was  personally  cognizant 
of  a  considerable  portion  of  his  career,  I  priefer  to  use  for  the 
historical  portion  of  this  memoir  much  of  the  material  that  has 
been  obtained  from  members  of  his  family  and  other  personal 
friends  and  embodied  in  the  publications  referred  to.  The  fol- 
lowing genealogical  notes  prepared  by  one  of  Dr.  Newberry's 
sons  have  been  extracted  from  one  of  those  publications  : 

"  Thomas  Newberry,  of  Devonshire,  England,  settled  in  Dor- 
chester, Massachusetts,  about  1630.  He  died  there  about  1636, 
and  his  widow  and  children  removed  to  Windsor,  Connecticut, 
about  the  same  year.  His  son,  Captain  Benjamin  Newberry, 
was  the  first  named  of  the  seven  proprietors  to  whom  Windsor 
was  patented  in  1685.  He  commanded  the  military  of  the 
colony.  He  left  two  sons,  Thomas,  who  was  the  ancestor  of  the 
Detroit  and  Chicago  Newberrys,  and  Benjamin,  who  was  our 
ancestor.  Captain  and  Major  Benjamin  2d  seems  to  have  suc- 
ceeded to  his  father's  position  as  chief  of  the  military  forces  of 
the  colony.     His  son,  Captain  Roger,  married  Elizabeth  Wol- 
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cott,  daughter  of  Roger  Wolcott,  governor  of  Connecticut  Cap- 
tain Roger  graduated  at  Yale  College  in  1726,  and  was  a  deputy 
to  the  general  court  for  eleven  sessions.  In  1740  he  commanded 
a  company  from  Connecticut  in  the  expedition  against  the 
Spanish  Main,  and  was  present  at  the  repulse  of  Admiral  Vernon 
at  Cartagena  in  April,  1741.     He  died  on  the  voyage  home. 

*'  General  Roger  Newberry,  son  of  Captain  Roger,  received 
his  commission  as  lieutenant  in  the  colonial  forces  in  1767. 
He  was  commissioned  as  major  in  1775,  the  commission  being 
signed  by  Jonathan  Trumbull,  governor,  and  George  Willys, 
secretary,  of  *  His  Majesty's  Colony  of  Connecticut.'  In  1777  he 
received  a  commission  as  colonel,  signed  also  by  Jonathan 
Trumbull,  governor,  and  George  Willys,  secretary,  *  of  the  State 
of  Connecticut.'  In  1781  he  was  commissioned  as  brigadier 
general,  and  in  1783,  after  the  peace,  as  judge  of  probate.  He 
was  one  of  the  proprietors  of  the  Connecticut  Land  Company, 
who  purchased  from  the  State  of  Connecticut  the  northern 
counties  of  Ohio,  known  as  the  *  Western  Reserve.' 

"  Henry  Newberry,  son  of  General  Roger,  went  to  Ohio  in 
1824  to  look  after  his  father's  landed  interests.  He  located  his 
land  at  the  falls  of  the  Cuyahoga  river,  and  founded  the  town 
since  known  as  Cuyahoga  Falls.  Upon  this  property  was  mined 
the  first  coal  known  to  have  been  offered  for  sale  in  Ohio.  My 
father,  John  Strong  Newberry,  was  the  younger  of  his  two  sons." 

The  lands  of  the  Western  Reserve  Land  Company  were  resold 
to  settlers,  a  large  part  of  whom  were  emigrants  from  Connecti- 
cut, of  which  State  that  region  was  then  a  recognized  province. 
Many  of  those  j)ioneer  settlers  were  persons  of  education,  who 
had  enjoyed  the  advantages  of  a  region  that  had  already  become 
one  of  the  chief  centers  of  education  in  America,  and  their 
intelligence  and  thrifty  character  were  so  strongly  impressed 
upon  the  new  communities  that  the  results  are  to  this  day 
readily  distinguishable  among  the  inhabitants  of  that  region, 
who  are  largely  their  descendants.  It  was  in  a  community 
thus  formed  and  characterized  that  the  years  of  Dr.  Newberry's 
childhood  and  youth  were  passed. 

Although  his  father,  Henry  Newberry,  with*  his  wife  and  nine 
children,  of  whom  John  was  the  youngest  and  then  only  two 
years  old,  was  among  the  earliest  settlers,  he  made  ample  pro- 
vision for  the  comfort  and  advantages  of  his  family.    Their 
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home  was  established  at  Cuyahoga  Falls,  about  thirty-five  miles 
south  of  the  present  city  of  Cleveland.  Here  the  father  became 
actively  engaged  in  various  enterprises,  among  which  were  his 
town  proprietorship,  the  building  of  mills,  and  the  opening 
and  operating  of  coal  mines.  He  also  interested  himself  actively 
in  securing  an  outlet  for  his  products  by  way  of  Lake  Erie,  for 
railroads  were  then  in  their  earliest  experimental  stage,  and 
their  future  possibilities  were  not  dreamed  of  by  even  the  most 
sagacious  business  men.  The  son  was  thus  reared  in  an  ener- 
getic family  and  among  men  of  strong,  resolute,  and  intelligent 
purpose.  These  associations  naturally  gave  strength  to  his  own 
character, 'which  was  integrated  and  refined  by  the  influence  of 
a  cultured  home,  presided  over  by  a  mother  to  whom  her 
children  gave  loving  obedience  and  to  whom  all  others  gave  the 
sincerest  reverence. 

The  physical  surroundings  of  the  boy  were  also  fortunate  and 
gave  ample  scope  for  the  development  of  that  love  of  nature  by 
which  he  afterward  became  so  strongly  characterized.  The 
fauna  and  flora  of  the  region  round  about  his  home  were  then 
in  their  primeval  condition  and  abundant  in  all  their  native 
forms.  The  valley  sides  of  the  Cuyahoga  river  presented  many 
good  sections  of  the  underlying  strata  and  betrayed  the  secret 
of  their  origin  and  that  of  the  physical  history  of  the  valley. 
The  shales  taken  from  his  father's  coal  mines  were  filled  with 
fossil  remains  of  plants  of  the  by-gone  Carboniferous  age,  not 
unfrequently  accompanied  with  remains  of  fishes,  and  short 
journeys  brought  him  in  contact  with  other  abundantly  fossil- 
iferous  strata.  The  book  of  nature  was  thus  opened  at  legible 
pages  to  his  youthful  eyes,  and  that  he  read  it  attentively  and 
understandingly  his  after  life  abundantly  proved.  He  early 
began  to  make  collections,  especially  of  living  and  fossil  plants, 
and  before  he  entered  college  he  had  made  a  large  herbarium 
and  prepared  a  "  Catalogue  of  the  Plants  of  Ohio."  He  had  also 
filled  a  large  room  of  his  father's  house  with  fossils  to  which  in 
after  years  he  gave  long  and  effective  study.  * 

The  early  settlers  of  the  Western  Reserve  gave  their  most 
earnest  attention  to  the  establishment  of  schools  in  the  new 
communities,  and  young  Newberry  received  instruction  in  the 
best  of  those  which  the  region  then  afforded.  When  he  reached 
the  proper  age  he  was  prepared  for  college  at  a  special  school 
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that  had  been  established  in  the  town  of  Hudson,  about  eight 
miles  from  his  home.  Upon  completing  that  preparation  he 
entered  Western  Reserve  College,  which  was  also  then  estab- 
lished at  Hudson,  but  it  was  some  years  afterward  removed  to 
Cleveland.  He  was  graduated  from  that  college  in  1846,  being 
then  in  his  twenty-fourth  year.  During  the  last  two  years  of 
his  college  course  he  also  pursued  studies  in  medicine,  and 
upon  his  collegiate  graduation  he  entered  the  Cleveland  Medical 
School.  He  was  graduated  from  the  latter  institution  in  1848 
with  the  degree  of  Doctor  of  Medicine. 

At  that  time,  in  accordance  with  his  previous  intention,  he 
began  to  formulate  his  plans  for  the  practice  of  medicine  as  his 
lifework,  but  in  doing  so  he  met  objections  within  himself.  It 
is  true  that  he  had  already  received  his  medical  degree  and  also 
much  special  instruction  from  the  best  of  his  medical  teachers, 
but  he  was  far  from  satisfied  with  his  preparation  for  a  profes- 
sion which  he  had  long  held  in  the  highest  esteem.  He  there- 
fore decided  tipon  a  course  of  foreign  study,  although  he  had 
already  begun  the  practice  of  medicine  at  his  home  in  Cuyahoga 
Falls.  This  determination  he  carried  out  in  the  autumn  of  1849, 
and  having  a  few  months  previously  married  Miss  Sarah  B. 
Gaylord,  of  Cleveland,  he  sailed  with  her  for  Paris,  where  they 
remained  two  years  enjoying  the  advantages  of  that  great  center 
of  science  and  art. 

The  young  doctor  was  assiduous  in  his  attendance  upon  med- 
ical lectures  and  clinics  during  his  stay  in  Paris,  greatly  strength- 
ening the  foundation  of  his  medical  education  and  increasing 
his  knowledge  in  various  ways.  The  attractions  of  the  museums, 
the  Jardin  des  Plantes,  and  the  scientific  lectures  of  the  distin- 
guished men  of  that  tinie  were  very  great,  and  he  profited  by 
them  to  the  uttermost,  without  detriment  to  his  main  purpose. 
He  returned  to  America  in  1851  and  began  the  practice  of  medi- 
cine at  Cleveland,  where  he  met  with  immediate  success.  As 
time  passed  every  thing  seemed  to  indicate  that  he  was  perma- 
nently established  as  an  eminent  and  much  respected  physician  ; 
but  at  the  end  of  four  years  of  the  work  for  which  he  had  so 
carefully  prepared  himself  he  came  to  the  parting  of  the  ways. 
Notwithstanding  his  sincere  devotion  to  medicine,  his  love  for 
the  natural  sciences  was  in  no  way  diminished,  but  rather  in- 
creased, as  the  years  went  on.    Although  his  professional  dutie 
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were  laborious,  he  continued  his  nature  studies  without  inter- 
ruption, and  from  time  to  time  he  published  articles  on  those 
subjects  which  attracted  much  public  attention. 

During  the  years  that  Dr.  Newberry  was  practicing  medicine 
at  Cleveland,  the  Government  at  Washington  was  preparing  for 
the  exploration  of  various  portions  of  our  great  western  domain. 
In  1855,  an  expedition  was  organized,  under  command  of  Lieu- 
tenant R.  S.  Williamson,  to  explore  the  country  between  San 
Francisco  bay  and  the  Columbia  river,  and  Dr.  Newberry  was 
appointed  assistant  surgeon  in  the  D.  S.  Army  and  geologist 
and  botanist  to  the  expedition.  That  was  a  position  and  an 
opportunity  for  which  he  had  long  been,  unconsciously  prepar- 
ing himself,  and  when  the  offer  came  he  did  not  hesitate  to  close 
his  medical  practice  at  Cleveland  and  accept  it.  He  chose  the 
new  way  that  was  thus  opened  to  him,  and  the  results  showed 
that  he  chose  wisely.  The  Williamson  exploring  party  made  San 
Francisco  the  base  of  their  field  operations,  and  having  accom- 
plished the  ordered  explorations,  they  returned  to  Washington, 
D.  C,  arriving  there  in  January,  1856. 

While  preparing  the  report  of  his  field  operations  in  Wash- 
ington, he  was  chosen  to  the  chair  of  chemistry  and  natural 
history  in  the  institution  at  Washington  known  as  the  Colum- 
bian University,*  but  which  is  not  to  be  confounded  with  Co- 
lumbia University  at  New  York  city,  with  which  he  afterward 
became  permanently  connected.  He  retained  his  connection 
with  the  former  institution  for  one  college  year,  or  only  while 
he  remained  at  the  capital  city. 

In  1857  Dr.  Newberry  was  appointed  physician  and  naturalist 
to  the  Government  expedition  which  was  generally  known  as 
the  Colorado  Exploring  Expedition,  or  the  Ives  Expedition, 
so-called  from  its  commander,  Lieutenant  Joseph  C.  Ives.  The 
thrilling  experiences  of  the  members  of  this  expedition,  espe- 
cially in  transporting  their  boats  overland  and  ascending  the 
Colorado  river  of  the  West  as  far  as  its  great  canons,  have  be- 
come a  part  of  the  history  of  early  explorations  in  the  far 
western  part  of  our  country,  most  of  which  was  then  an  unknown 
land.     Dr.  Newberry's  labors  as  physician  to  the  party  and  aid 

*  Since  this  article  was  written,  this  institution  has  changetl  its  name 
to  Georj^e  Washington  University. 
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of  any  kind  his  service  upon  the  Sanitary  Commission  would 
be  sufiBcient  to  entitle  his  name  to  be  held  in  grateful  remem- 
brance by  his  country  and  by  humanity.  One  who  was  offi- 
cially associated  with  him,  and  who  was  thoroughly  acquainted 
with  the  workings  of  the  commission,  said  of  him :  '*A11  the 
agents  of  this  work  were  selected  by  Dr.  Newberry  and  assigned 
to  their  special  duties.  With  an  executive  ability  that  is  rarely 
equaled,  he  seemed  instinctively  to  put  every  man  to  the  task 
he  was  best  fitted  for  and  to  keep  him  up  to  his  most  efficient 
work.  All  reported  to  him  at  least  every  month,  and  oftener 
when  emergencies  demanded.  All  were  treated  with  the  utmost 
kindness  and  consideration,  and  all  learned  to  love  and  honor 
him.    No  part  of  his  life-work  is  entitled  to  higher  honor." 

Should  time  permit  I  would  like  to  dwell  long  upon  this  great 
work  of  Dr.  Newberry,  but  I  can  only  make  passing  reference 
to  a  summary  of  it,  written  by  himself.  It  is  represented  by 
entry  number  60  in  the  accompanying  list  of  his  published 
works  and  consists  of  543  octavo  pages.  A  crowning  proof  of 
his  integrity  of  character  is  found  in  the  full  accounting  which 
he  rendered  to  the  Government  for  all  the  money  and  property, 
amounting  to  millions  of  dollars,  that  passed  through  his  hands 
in  the  course  of  his  official  work. 

It  was  while  Dr.  Newberry  was  engaged  in  the  great  work  of 
the  U.  S.  Sanitary  Commission  that  our  Academy  was  organized, 
and  he  naturally  became  one  of  the  original  fifty  members.  His 
subsequent  as  well  as  his  previous  scientific  work  shows  how 
well  he  deserved  that  honor. 

At  the  close  of  the  Civil  War,  in  1865,  his  inclination  was 
strongly  toward  a  resumption  of  his  scientific  pursuits  rather 
than  a  return  to  the  practice  of  medicine.     The  Smithsonian 
Institution  then  offered  the  best  advantages  available  to  him 
for  research,  and  he  accordingly  became  a  scientific  associate  of 
that  renowned  institution.    This  association,  however,  was  of 
short  duration,  for  in  the  next  year,  1866,  he  entered  upon  what 
was  to  be  his  chief  life-work  in  science  and  education — that  is,  he 
was  then  chosen  to  the  Chair  of  Geology  and  Paleontology,  which 
was  at  that  time  established  for  the  School  of  Mines  of  Columbia 
University,  in  New  York  city.    He  was  the  first  occupant  of 
that  chair  and  he  retained  it  until  his  death,  twenty-six  years 
afterward. 
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This  settlement  in  educational  and  scientific  work  was  the 
consummation  of  Dr.  Newberry's  earnest  desire  and  the  fulfill' 
nient  of  his  early  dreams.  From  this  time  on  his  career  was 
free  from  radical  changes,  and  was  one  of  steady  growth,  im- 
mense labor,  and  abundant  results.  Important  as  were  his 
previous  scientific  labors  and  great  as  was  his  work  upon  the 
U.  S.  Sanitary  Commission,  we  must  regard  the  years  during 
which  he  occupied  his  chair  at  the  School  of  Mines  as  the  most 
important  period  of  his  life.  It  was  within  that  period  that  he 
produced  his  greatest  impression  upon  the  university  which 
honored  him  and  which  he  honored,  upon  scientific  education 
throughout  the  land,  upon  its  rising  young  men,  and  upon  the 
city  which  was  the  scene  of  his  labors. 

The  impression  which  he  produced  upon  the  scientific  world 
is  largely  indicated  by  his  published  works,  much  the  greater 
part  of  which  were  written  within  that  period.  He  was  one  of 
the  chief  agencies  in  bringing  about  the  organization  of  the 
School  of  Mines  for  Columbia  College,  which  was  one  of  the  more 
important  steps  that  were  then  and  afterward  taken  toward 
making  the  college  a  university  in  fact.  He  labored  constantly 
and  with  great  success  to  bring  up  that  school  to  a  high  standard 
of  efficiency.  Its  museum,  which  is  one  of  the  best  of  its  kind, 
was  his  creation,  and  a  large  part  of  its  fossils,  rocks,  and  min- 
erals are  of  his  personal  collection.  His  influence  upon  the 
citizenship  and  the  municipal  affairs  of  New  York  city  was  very 
great,  and  he  was  constantly  consulted  upon  scientific  and 
hygienic  (questions  pertaining  to  the  city  government  and  policy. 
When  he  assumed  the  duties  of  hfs  professorship  general  interest 
in  New  York  city  upon  scientific  matters  was  at  the  lowest  ebb. 
Under  his  influence  the  moribund  "  Lyceum  "  was  rehabilitated 
and  soon  became  the  living,  flourishing  New  York  Academy  of 
Sciences  of  today,  and  other  scientific  institutions  of  the  city 
shared  in  the  general  awakening  that  his  influence  created. 

Of  his  influence  upon  his  students  at  the  School  of  Mines  I 

will  speak  further  on,  and  now  refer  briefly  to  his  characteristics 

lis  an  educator  and  to  the  honors  which  have  been  bestowed 

upon  him.     When  he  and  his  fellow- American  naturalists  were 

in  the  earlier  years  of  their  manhood  and  of  their  isolated  studies 

there  were  no  schools  of  science  in  America,  and  neither  geology 

nor  any  of  the  biological  sciences  had  a  distinctly  recognized  place 
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in  any  collie  curriculum.  The  first  teachers  of  these  sciences 
were  necessarily  the  self-taught  naturalists  of  those  days.  Amon^ 
those  teachers  Dr.  Newberry  began  his  educational  work  with  the 
broadest  preparation,  of  which  his  medical  and  surgical  training 
was  an  important  feature,  and  he  was  unquestionably  one  of  the 
ablest  teachers  of  his  time.  When  he  came  to  his  chair  at  the 
School  of  Mines  he  was  possessed  of  a  matured  originality  of 
thought  and  constructive  ability,  which  enabled  him  to  organize 
his  courses  of  instruction  upon  such  an  efficient  plan  that  it  has 
needed  little  change  to  this  day.  He  came  to  his  educational 
work,  as  he  did  to  that  of  the  Sanitary  Commission,  with  an 
effective  grasp  of  the  subject,  which  was  that  of  a  veteran. 

All  the  honors  that  were  naturally  due  to  one  of  his  ability 
came  to  him  as  a  matter  of  course,  among  which  the  following 
may  be  mentioned :  He  was  President  of  the  American  Asso- 
ciation for  the  Advancement  of  Science  for  the  meeting  at  Bur- 
lington, Vermont,  in  1867,  and  in  the  same  year  his  Alma  Mater 
conferred  upon  him  the  degree  of  Doctor  of  Laws.  In  1868  he 
was  elected  president  of  the  Lyceum  of  Natural  History  of  the 
City  of  New  York  (which  in  1876  became  the  Kew  York 
Academy  of  Sciences),  and  he  remained  its  president  by  annual 
reelection  until  his  death,  twenty-four  years  afterward. 

For  some  years  after  his  college  work  was  established  at  New 
York,  Dr.  Newberry  retained  his  residence  and  citizenship  at 
Cleveland,  and  when,  in  1869,  the  Geological  Survey  of  Ohio 
was  provided  for  by  legislative  enactment  he  was  chosen  to  be 
its  director.  For  three  years  thereafter  he  gave  that  work  all 
the  time  he  could  spare  from  his  college  duties,  but  after  those 
three  years  he  gave  it  less  attention,  although  he  continued  to 
publish  reports  of  the  survey.  In  1874  the  work  of  the  survey 
was  suspended  by  failure  of  the  legislature  to  provide  the  neces- 
sary funds,  and  much  dissatisfaction,  and  even  bitterness  of 
feeling,  was  engendered  among  those  who  had  taken  part  or 
had  been  interested  in  it.  Dr.  Newberry  thought,  and  with 
apparently  good  reason,  that  injustice  had  been  done  him  in 
his  relation  to  the  survey.  Soon  after  its  suspension  he  removed 
his  residence  from  Cleveland,  Ohio,  to  New  Haven,  Connecticut, 
where  he  ended  his  days. 

At  the  Centennial  Exposition,  which  was  held  at  Philadel- 
phia in  1876,  he  was  appointed  one  of  the  judges,  and  made  a 
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report  on  the  building  and  ornamental  stones.  In  1880  he  was 
elected  President  of  the  Torrey  Botanical  Club,  in  New  York 
city,  which  office  he  held  by  annual  reelection  for  ten  consecu- 
tive years.  In  1884  the  United  States  Geological  Survey  as- 
signed to  him  the  investigation  of  its  fossil  fishes  and  a  part  of 
its  fossil  plants.  In  1888  he  was  awarded  the  Murchison  Medal 
by  the  Geological  Society  of  London  for  distinguished  services 
to  geological  science.  He  became  an  original  member  of  the 
Geological  Society  of  America  in  1888,  and  was  elected  first 
vice-president  of  the  society  for  the  following  year.  He  was  one 
of  the  organizers  of  the  International  Congress  of  Geologists, 
and  was  elected  its  President  for  the  meeting  at  Washington  in 
1891 ;  but  his  failing  health  made  it  impossible  for  him  to  per- 
form the  duties  of  that  high  position  or  even  to  attend  any  of 
the  meetings  of  the  Congress.  Besides  the  aforementioned 
honors  that  came  so  justly  to  our  distinguished  associate,  he 
held  honorary  membership  in  most  of  the  learned  societies  of 
America  and  a  large  part  of  those  of  Europe. 

In  the  autumn  of  1889  Dr.  Newberry  showed  signs  of  ex- 
haustion, which  was  due  to  his  advancing  years  and  severe 
labors,  and  in  the  following  winter  he  took  a  severe  cold,  from 
the  effects  of  which  he  never  fully  recovered,  although  he  still 
continued  to  work.  Even  during  his  summer  vacation  in  1890 
he  continued  to  work  upon  the  "  Fossil  Flora  of  the  Amboy 
Clays,"  which  task  he  greatly  desired  to  bring  to  a  close.  But  the 
beginning  of  his  end  was  near,  for  on  December  3, 1890,  he  was 
prostrated  by  a  stroke  of  paralysis.  H«  rallied  a  little  soon 
afterward,  and  for  a  part  of  the  year  1891  he  attended  to  his 
duties  at  the  college  during  9.  few  hours  each  day,  but  his  need 
of  absolute  cessation  from  work  was  imperative.  He  sought 
recuperation  in  the  Southern  States,  in  California,  and  on  the 
shores  of  the  Great  Lakes,  but  to  no  purpose,  and  with  waning 
strength  he  returned  to  his  home  in  New  Haven  in  1892.  On  De- 
cember 7  of  that  year  the  end  came  and  the  good  man  was  at  rest. 

To  my  mind  it  is  unnecessary  and  inappropriate  for  one  who 
has  been  chosen  to  write  for  our  archives  a  biographical  memoir 
of  a  deceased  associate  to  criticise  in  judicial  terms  either  the 
intrinsic  or  relative  value  of  his  published  works.  If  I  should 
attempt  it  in  Dr.  Newberry's  case  I  am  sure  I  should  be  quite  as 
likely  to  err  upon  any  point  as  he  may  have  been.     I  herewith 
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cise  of  his  influence  for  good,  but  his  fortitude  in  the  face  of 
impending:  death  excited  our  admiration.  We  felt  that  he  had 
accomplished  the  full  measure  of  a  life's  work,  that  the  world 
is  better  and  wiser  for  his  having  lived  in  it,  and  that  to  us  his 
life  had  been  a  benison. 
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207.  The  Origin  of  Ck>al.     N.  Y.  Tribune.  February  13,  1890. 

208.  The  Laramie  Group.    Bull.  Geol.  Soc.  of  America,  vol.  I,  524-541 

(1890). 

209.  Devonian  Plants  from  Ohio.    Jour.  Cincinnati  Soc.  Nat.  Hi^.,  vol. 

XII.  pp.  48-54. 

210.  Remarks  on  Fossil  Plants  from  the  Puget  Sound  Region.    In  C.  A. 

White's  **0n  Invertebrate  Fossils  from  the  Pacific  Coast,"  Bull. 
U.  S.  Geological  Survey,  No.  51,  p.  51. 

211.  The  Flora  of  the  Great  Falls  Coal  Field.  Montana.    Amer.  Jour. 

Sci.,  iii,  vol.  XLI,  191-201,  pi.  XIV.     (1891.) 

212.  The  Genus  SphenophyUum,    Jour.  Cincinnati  Soc.  Nat.  Hist.,  vol. 

XII,  pp.  212-217. 

Some  of  Dr.  Newberry's  cyclopedic  writings  are  mentioned  in 
the  foregoing  list,  but  his  chief  work  of  that  kind  was  done  for 
Johnson's  Cyclopedia.  He  was  one  of  the  editors  of  that  work, 
having  had  special  charge  of  the  subjects  pertaining  to  geology 
and  palaeontology.  Besides  the  elaborate  articles  on  these  sub- 
jects from  his  own  pen  which  that  cyclopedia  contains,  he  aided 
his  editorial  associates  with  reference  to  a  multitude  of  other 
relevant  subjects.  This  mass  of  cyclopedic  work,  therefore, 
should  receive  distinct  recognition  in  any  bibliographical  list  of 
his  writings. 


24 


BIOGRAPHICAL  MEMOIR 


OF 


CLARENCE  KING. 


1842-1901. 


BY 


SAMUEL  FRANKLIN  EMMONS. 


Rbad  bbporb  thb  N^ational  Acadbmy  op  Scibncbs 

* 

April  23,  1903. 


(4)  25 


BIOGRAPHICAL  MEMOIR  OF  CLARENCE  KING. 


The  greatest  advance  in  geological  science  in  the  past  half 
century  has  been  due  less  to  the  brilliant  generalizations  of  indi- 
vidual investigators,  of  which,  however,  there  has  been  no  want, 
than  to  the  systematic  organization  of  geological  work  which  has 
given  a  sounder  basis  for  theoretical  deduction  and  rendered  the 
work  of  the  individual  more  permanent  and  effective. 

It  was  not  until  the  truth  that  geological  studies  could  not  be 
profitably  confined  within  State  lines  or  other  artificial  bounda- 
ries had  been  pi-oved  by  practical  demonstration  that  the  aid  of 
the  general  government  was  freely  and  permanently  enlisted 
and  thereby  geological  science  in  America  raised  to  its  present 
high  position. 

To  the  accomplishment  of  this  result  the  late  Clarence  Kino 
was  the  foremost  and  one  of  the  most  active  contributors.  His 
influence  on  the  development  of  geological  sc^ience  in  this  country 
was  exercised  at  a  critical  point  in  its  history,  when  the  pereonal- 
ity  of  the  man,  aside  from  his  purely  scientific  ability,  played  a 
much  greater  part  than  it  would  at  the  present  day,  when  the 
labors  of  men  of  his  type  have  already  borne  abundant  fruit  in 
impressing  upon  the  people  at  large  the  practical  importance  of 
a  scientific  guidance  in  the  development  of  their  material  re- 
sources. It  seems,  therefore,  appropriate  in  speaking  of  the 
man,  even  to  a  strictly  scientific  audience  like  the  present,  that 
the  more  personal  element  should  receive  attention. 

For  believers  in  atavism  a  consideration  of  King^s  ancestry 
will  possess  a  peculiar  interest.  On  both  sides  he  came  of  good 
English  stock  planted  on  New  England  soil,  where  conditions 
seemed  propitious  for  the  gradual  development  of  the  varied 
characteristics  that  showed  themselvc^s  so  remarkablv  combined 
in  this  brilliant  man. 

Daniel  King,  the  first  of  the  name  in  this  country,  came  to 
Lynn.  Massachusetts,  in  1637 — a  younger  son  of  Kalphe  Kinge 
of  Watford,  in  Hertfordshire,  England. 
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Fifty  years  later  we  find  his  son,  Capt.  Daniel  King,  a  resident 
merchant  of  St.  Kitts,  in  the  West  Indies.  On  the  floor  of  St. 
George's  chapel  at  Basset(?rre,  on  that  island,  is  a  stone  bearing 
the  arms  of  the  King  family  and  recording  the  death  of  Benjamin 
King,  presumably  Daniel's  son. 

Benjamin  King,  a  grandson  of  the  first  Daniel,  moved  from 
Salem  to  Newport  in  the  first  half  of  the  eighteenth  century, 
dying  there  in  1786.  In  him  already  was  Commerce  giving  way 
in  a  measure  to  Science,  for  he  displayed  strong  tastes  in  the 
latter  pursuit,  which  the  means  acquired  in  the  former  permitted 
him  to  indulge,  and  he  made  a  point  of  importing  from  Europe 
the  latest  philosophical  instruments.  It  is  a  family  tradition 
tliat  the  great  Benjamin  Franklin,  on  one  of  his  voyages  between 
Philadelphia  and  Boston,  visited  him  to  view  the  latest  electric 
novelty — ^a  Leyden  jar. 

Xext  Art  came  to  pay  her  tribute,  for  Samuel,  son  of  Benja- 
min the  scientist,  was  a  portrait  painter  of  no  mean  repute,  and 
numbered  among  his  pupils  the  famous  Washington  AUston  and 
Malbone,  the  miniaturist. 

The  maternal  side  contributed  literary  culture  and  statesman- 
ship. 

The  Honorable  Ashur  Bobbins,  one  of  King's  great-grand- 
fathers, was  born  at  Weathersfield,  Connecticut,  in  1761,  and 
died  at  Newport,  in  1845.  He  graduated  at  Yale  in  1782,  mar- 
ried Mary  EUery  in  1791,  was  United  States  district  attorney  at 
Newport  in  1812,  received  the  honorary  degree  of  LL.D.  from 
Brown  in  1835,  and  from  1825  to  1839  served  his  countrv  with 
distinction  in  the  United  States  Senate.  He  was  distinguished 
as  an  orator  and  classical  scholar  and  was  a  friend  and  associate 
of  Daniel  Webster. 

William  Little,  another  great-grandfather,  was  a  graduate  of 
Yale  in  tlie  class  of  1777  and  received  an  honorary  degree  from 
Harvard  in  1786.  His  son,  William  Little,  Jr.,  was  already  dis- 
tinguished as  a  linguist  and  classical  scholar,  when  he  died  at  the 
early  age  of  40.  His  wife,  Mrs.  Sophia  Little,  Clarence's  grand- 
mother, from  whom  he  evidentlv  inherited  manv  characteristic 
traits,  was  a  poetess  and  philanthropist,  a  woman  of  remarkable 
public  spirit,  energy,  and  decision  of  character.  .  She  retained 
her  mental  and  physical  vigor  in  the  most  remarkable  degree  up 
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to  the  time  of  her  death,  at  the  age  of  95,  in  1893.  Her  son, 
Eobhins  Little,  was  for  many  yeai*s  librarian  of  the  Astor  Library, 
New  York. 

The  immediate  ancestors  of  the  name  were  pioneer  merchants 
of  the  East  India  and  China  trade  in  the  first  half  of  the  last 
centur}'.  His  grandfather,  Samuel  Venion  King,  moved  from 
Newport  to  New  York,  and  in  1803  was  senior  partner  in  the 
commercial  house  of  King  &  Talbot.  His  four  sons,  Charles, 
James,  Frederick,  and  David,  successively  replaced  him  in  the 
firm,  which  became  known  as  Talbot,  Olyphant  &  Company,  and 
later  as  King  &  Company.  Three  of  these  four  brothers  died  in 
the  far  East ;  the  fourth  fell  in  the  first  year  of  the  Civil  War. 

James,  the  father  of  Clarence,  though  induced  by  family  in- 
fluence to  follow  the  calling  of  a  merchant,  had  a  natural  leaning 
toward  scientific  studies.  He  married  Florence  Little  at  the  age 
of  21,  but  was  obliged  to  leave  his  young  wife  before  the  birth  of 
their  first  child  in  order  to  take  the  place  of  his  elder  brother  in 
the  house  in  China.  He  died  suddenly  at  Amoy,  China,  in  1848, 
leaving  as  a  legacy  to  his  wife  and  only  child  his  interest  in  the 
business  of  the  China  firm. 

The  young  mother,  left  a  widow  at  22,  devoted  herself  to  the 
education  of  her  son,  learning  with  an  inherited  facility  both 
classical  and  modem  languages  that  she  might  teach  them  in  turn 
to  him,  and  cultivating  the  taste  for  natural  science,  an  inherited 
quality,  which  early  showed  itself  in  the  child.  While  living  at 
Pomfret,  Coimecticut,  whither  she  had  gone  that  he  might  have 
the  benefit  of  Dr.  Parkas  excellent  school  for  boys,  the  young 
Clarence,  then  only  seven  years  old,  came  to  his  mother  one  day 
in  Januaiy,  when  the  ground  was  covered  with  frozen  snow, 
and  asked  if  she  could  go  a  little  way  with  him  to  see  something. 
The  little  way  proved  to  be  about  a  mile  and  the  something 
a  remarkablv  distinct  fossil  fern  in  a  stone  wall,  and  the  bov 
wished  his  mother  to  explain  to  him  how  it  came  there.  Books 
on  geology  were  consulted,  and  from  that  time  on,  she  writes, 
"my  rooms  became  a  veritable  museum,  where  all  kinds  of  speci- 
mens were  studied  with  enthusiasm."  In  his  later'  school-boy 
days,  which  were  principally  spent  in  the  endowed  high  school 
at  Hartford,  Connecticut,  while  in  the  sunmier  vacation  trips 
in  the  Qreen  Mountains  were  devoted  to  camping  out  among 
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the  rocks  and  plants  he  loved  to  study,  his  mother  was  his  com- 
panion and  guide.  As  the  boy  developed  into  tlie  man  and  as 
tlio  relative  disparity  of  age  lessened,  there  grew  up  between 
them  a  close  intellectual  companionship  that  never  weakened 
during  his  lifetime.  She  was  a  woman  of  remarkable  intel- 
lectual caliber,  who  might  readily  have  made  a  name  in  literature 
liad  she  had  that  ambition ;  but  she  was  contented  to  live  in  the 
reflected  glory  of  her  son's  re])utation.  On  his  side,  his  tender 
affection  and  solicitude  for  her  welfare  was  one  of  the  most 
marked  traits  of  his  character,  and  through  all  the  many  vicis- 
situdes of  his  checkered  life  his  first  thought  and  duty  was  to 
provide  for  her  comfort  and  happiness. 

In  the  crisis  of  1857  the  house  of  King  &  Company  l)ecame 
bankrupt  through  the  loss  of  a  steamer  which,  in  charge  of  a 
confidential  clerk,  was  carrying  a  large  amount  of  specie  to  meet 
their  liabilities  at  another  port,  and  the  property  which  had  been 
left  by  James  King  for  the  support  of  his  widow  and  only  son 
was  therebv  lost. 

Xot  long  afterward  King  entered  as  a  clerk  in  a  business 
house  with  the  idea  of  following  a  commercial  career,  but  al- 
though he  succeeded  in  satisfying  his  employer,  his  natural  taste 
lay  so  strongly  in  the  direction  of  science  and  literature  that  he 
could  not  satisfy  himself,  and  after  a  few  months'  trial  aban- 
doned the  attempt. 

In  1859  he  became  a  student  at  the  Scientific  School  at  Yale, 
then  a  much  less  prosperous  and  generously  endowed  institution 
than  at  the  present  day,  but  rich  in  the  possession  of  such  in- 
spiring teachers  as  James  D.  Dana  and  George  J.  Brush. 
Already,  according  to  the  testimony  of  his  fellow-students,  King 
showed  many  of  the  qualities  which  distinguished  him  al>ove  his 
fellows  in  later  life.  He  studied  en  thus  last  icallv  both  in  books 
and  in  nature.  His  observations  of  natural  objects,  plants,  ani- 
mals, or  rocks  were  so  vivid  that  they  seemed  to  photograph 
thems(.4ves  upon  his  memory,  so  that  he  could  recall  the  picture 
at  will.  He  wrote  readily  and  with  delicate  literary  judgment 
and  skill,  thanks  to  the  influence  of  his  mother's  teaching.  His 
love  of  outdoor  life  had  so  developed  a  naturally  robust  physique 
that  he  readily  excelled  in  all  athletic  sports,  especially  rowing. 
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In  whatever  he  was  engaged,  whether  study  or  recreation,  he  was 
naturally  accepted  as  a  leader  by  his  fellows. 

In  1862  he  was  graduated  from  Yale  College  with  the  degi-ee 
of  B.  S.,  his  class  being  the  first  to  which  this  degree  was  ac- 
corded by  the  University.  During  his  college  life  his  strong 
natural  taste  for  scientific  and  artistic  study  of  the  greater 
features  of  natural  scenery  had  been  stimulated  by  reading  the 
then  popular  works  of  Tyndall  and  Ruskin  on  the  Alps  of 
Europe,  and  Winthrop's  stirring  pictures  of  Northwestern  Amer- 
ica ;  and  an  even  more  direct  impulse  was  given  by  the  incidental 
hearing,  in  a  letter  to  Professor  Brush,  of  an  account  of  the 
ascent  by  the  members  of  the  Geological  Survey  of  California 
of  Mt.  Shasta,  then  supposed  to  be  the  highest  peak  in  North 
America. 

Immediately  upon  graduation  he  planned  a  boat  trip  from 
Lake  Champlain  down  the  St.  Lawrence  Eiver  to  Quebec,  which 
was  carried  out  in  company  with  his  friends,  James  T.  Gardiner, 
Samuel  Parsons,  Jr.,  and  Daniel  Dewey,  in  the  autumn  of  1862. 
They  rowed  themselves  in  a  four-oared  boat  from  Whitehall,  on 
Lake  Champlain,  to  Quebec,  camping  out  en  route  and  support- 
ing themselves  largely  by  the  fruit  of  their  rods  and  guns. 

During  the  winter  of  1862-'3  King  was  for  a  time  a  student 
of  glacial  geology  imder  the  elder  Agassiz,  and  an  enthusiastic 
member  of  an  ai-t  club  which,  under  the  guidance  of  Eussell 
Sturgis,  devoted  itself  to  the  study  of  Ruskin  and  the  pre-Raph- 
aelite  school  of  art. 

The  final  impulse  to  the  step  which  had  the  most  influence 
u})on  his  life  was  characteristically  given  by  his  solicitude  for 
the  welfare  of  another;  his  life-long  friend  Gardiner,  having 
broken  down  in  health  through  overstudy  and  an  open-air  life 
having  been  recommended  to  him.  King  planned  a  trip  across 
the  continent  to  the  sunny  skies  of  California.  In  May,  1863, 
the  two  young  men  proceeded  to  St.  Joseph,  Missouri,  then  the 
westernmost  terminus  of  railroads  and  the  starting  point  for 
emigrant  travel  across  the  plains.  On  the  train  between  Han- 
nibal and  St.  Joe  King's  kindly  attention  to  the  yoimg  children 
of  a  well-to-do  emigrant  family  led  to  the  adoption  of  Gardiner 
and  himself  as  members  of  their  party.  The  route  followed  by 
the  party  led  up  the  valley  of  the  North  Platte  River  into 
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Wyoming,  and  thence  by  the  South  Pass  and  the  Sweetwater 
Iklountains  across  Green  Eiver  Valley  and  around  the  northern 
end  of  Salt  Lake  to  the  Humboldt  River,  in  Nevada,  correspond- 
insc  thus  in  a  general  way  to  that  followed  in  later  years  by  the 
transcontinental  railroads  and  included  in  the  belt  which  the 
party  under  King's  charge  was  destined  to  survey. 

The  progress  of  the  wagons  was  necessarily  slow  and  about 
three  months  were  occupied  in  the  journey,  which  gave  the 
young  travelers,  who  were  mounted  upon  their  own  horses,  abun- 
dant opportunity  for  making  detours  along  the  route,  of  which 
tliey  fully  availed  themselves.  In  more  than  one  instance,  while 
exploring  the  neighboring  moimtains,  they  ran  the  risk  of  cap- 
ture l)y  hostile  Indians,  but  the  experience  thus  gained  was  un- 
doubtedly of  great  service  in  King's  explorations  of  later  years. 

After  crossing  the  deserts  of  Nevada  they  left  the  party  and 
made  a  detour  to  the  south  to  examine  the  already  famous 
Comstock  Lode  at  Virginia  City.  The  ven'  night  of  their  arrival 
their  lodging-house  took  fire  and  burned  so  rapidly  that  they 
barely  escaped  with  their  lives,  losing  everything  tliey  had  with 
them,  even  to  their  letters  and  clothing.  This  was  a  serious 
blow,  as  they  were  entirely  unknown  in  the  place;  but  they  were 
equal  to  the  occasion,  and  having  been  fitted  out  by  hospitable 
minere  with  rough  clothing,  they  found  employment  in  one  of 
the  quartz  mills,  where  they  worked  until  they  had  saved  money 
enough  to  continue  their  journey.  Starting  anew,  they  crossed 
the  Sierra  Nevada  on  foot  and  reached  Sacramento  with  just 
enough  money  to  pay  their  passage  on  the  river  steamer  to  San 
Francisco: 

On  til  is  trip  they  met  by  chance  Prof.  William  M.  Brewer, 
then  first  assistant  of  Prof.  J.  D.  Whitney,  of  the  Geological 
Survey  of  California,  who  was  making  a  reconnaissance  along 
tlie  upper  portions  of  the  Sierra  Nevada  and  had  temporarily  left 
his  party  in  order  to  get  further  aid  before  going  into  the  north- 
ern country,  where  the  Indians  were  reported  to  be  troublesome. 
The  immediate  result  of  this  incident,  his  appointment  as  volun- 
teer assistant  geologist  of  the  recently  organized  Geological 
Survey  of  California,  was  one  that  had  a  far-reaching  effect  on 
King's  future  career. 

Although  a  few  enterprising  geologists  had  succeeded  in  peue- 
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trating  the  great  mountain  regions  of  the  far  west  and  had 
brought  back  vivid  accounts  of  the  phenomena  observed  at  various 
points,  the  great  region  beyond  the  Mississippi  River  was  still 
geologically  a  terra  incognita,  when  in  1861  the  legislature  of 
California  had  appropriated  a  generous  sum  for  a  geological 
survey  of  that  State  and  made  Prof.  J.  D.  Whitney  its  director. 

No  more  attractive  field  for  geological  exploration  and  study 
could  be  found  than  that  of  the  great  Sierra  Nevada,  from  which 
had  already  come  a  stream  of  gold  whose  volume  had  disturbed 
the  monetary  systems  of  the  world.  The  problems  presented  in 
its  structure  were  ih  many  respects  new  in  the  experience  of  the 
American  geologist,  especially  in  the  field  of  vulcanism,  whose 
manifestations  in  the  eastern  part  of  the  continent,  where  stu- 
dents of  geology  had  hitherto  been  mainly  occupied,  are  com- 
paratively insignificant.  To  King,  full  as  he  was  of  youthful 
energy  and  enthusiasm,  the  prospect  of  exploring  the  summits 
of  this  great  range  and  repeating  in  the  Alps  of  America  the  ex- 
periences of  Tyndall  and  Buskin  in  those  of  Europe  was  indeed 
a  powerful  inducement  for  joining  the  Survey,  and  how  abun- 
dantly and  fruitfully  he  embraced  the  opportunities  is  well 
shown  in  his  delightful  book  on  "Mountaineering  in  the  Sierra 
Nevada." 

His  first  experience  was  as  an  assistant  to  Professor  Brewer, 
when,  in  September,  1863,  they  exploripd  the  regions  in  northern 
California,  where  the  granite  crest  of  the  Sierra  Nevada  suddenly 
breaks  down  and  is  succeeded  by  broken  hills  and  lava-capped 
plains  out  of  which  rise  the  imposing  volcanic  cones  of  Lassens 
Peak  and  Mt.  Shasta.  Here  he  had  his  first  opportunity  for  a 
field  study  of  volcanic  rocks — a  study  in  which,  aided  by  the 
teaching  of  his  great  friend,  the  German  geologist  Von  Richt- 
hofen,  he  aftem'ard  became  so  proficient  that  for  many  years  he 
was  recognized  as  the  highest  American  authority  upon  the 
subject. 

A  large  portion  of  the  summer  of  1864  was  spent  in  exploring 
the  southern  part  of  the  Sierra  Nevada  around  the  Yosemite 
Valley  and  the  high  peaks  to  the  eastward  at  the  headwaters  of 
the  King  and  Kern  rivers.  In  climbing  one  of  the  highest  peaks 
of  this  group,  which  they  had  called  Mt.  Tvndall,  two  still  higher 
ones  were  discovered,  to  the  loftier  of  which,  evidently  the  cul- 
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minating  point  of  the  whole  Sierra,  they  gave  the  name  of  "Mt. 
Wliituey  in  honor  of  their  respected  chief.  This  King  at- 
tcni])ted  to  climb  later  in  the  same  season,  but  when  near  the 
summit  he  found  his  further  progress  stopped  by  a  sheer  wall  of 
granite  which  rendered  its  ascent  from  that  side  impossible. 
To  sliow  the  great  unwillingness  of  the  man  to  abandon  any  im- 
portant entei-prise  that  he  had  undertaken,  it  may  be  stated  that 
long  after  he  had  severed  his  connection  with  the  California 
Survey  he  twice  repeated  the  attempt  from  the  other  side  of  the 
range.  In  1871  he  supposed  he  had  attained  the  highest  point, 
but  a  storm  coming  up  just  as  he  had  reached  it,  the  clouds  in 
which  he  was  enveloped  hid  the  true  summit,  which  was  a  little 
higher  than  the  one  w^hich  he  was  on.  Two  years  later  the  news 
came  to  him  in  Xew  York  that  obst^rvations  bv  a  member  of  the 
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California  Survey  had  proved  his  error,  and  without  a  moment^s 
delay  he  crossed  the  continent  and  climbed  it  again,  this  time 
reaching  the  actual  summit,  the  highest  peak  within  the  United 
States. 

In  the  summer  of  18G8,  with  William  Ashbumer,  the  distin- 
guished mining  engineer,  he  was  for  a  time  engaged  in  an  eco- 
nomic suney  of  the  ^lariposa  land  grant  under  F.  L.  Olmsted, 
and  it  was  during  the  progress  of  this  work  that  he  made  the 
discovery  of  the  fossil  that  finally  settled  the  question  of  the 
age  of  the  auriferous  slates  of  the  Sierra  Nevada.  In  the  follow- 
ing winter,  the  Survey  funds  bemg  exhausted  through  lack  of 
appropriations,  he  with  his  friend  Gardiner  returned  to  the  east 
by  the  Nicaragua  route,  spending  two  weeks  on  the  Isthmus 
wliile  waiting  for  a  steamer  to  New  York.  On  his  arrival  he 
was  detained  for  a  long  time  at  the  house  of  his  stepfather, 
George  S.  Rowland,  at  Irvington-on-the-Hudson,  by  an  attack 
of  malaria,  after'' which  he  took  a  post-graduate  course  in  field 
and  practical  astnmomy  at  Yale. 

Returning  again  to  California  in  the  autumn  of  1865,  the  two 
young  men  were  soon  after  their  arrival  engaged  as  geological 
and  topographical  engineere  for  an  exploratory  expedition 
through  Arizona,  made  by  General  McDowell  with  a  company 
of  cavalry.  This  expedition  occupied  the  winter  of  1865-'6  and,, 
carried  on  as  it  was  in  a  desert  country  infested  by  hostile 
Apaches,  involved  no  little  hardship  and  danger.     At  one  time, 

34 


CLARENCE  KING. 

while  carrying  on  their  scientific  work  out  of  sight  of  their 
escort,  tliey  were  ambushed  by  a  party  of  Indians  and  only  es- 
caped death  through  the  coolness  of  King,  who  first  prevented 
his  companion  from  making  what  he  perceived  to  be  a  futile 
resistance,  and  later  delayed  the  preparation  of  their  torture  by 
fire  by  exciting  the  curiosity  of  the  Indians  by  his  barometer, 
which  he  explained  was  a  new  kind  of  long-distance  gun,  ana 
thus  gained  time  enough  to  allow  the  cavalry  to  come  in  sight 
and  effect  their  rescue. 

In  the  spring  of  1866,  further  work  in  Arizona  having  been 
rendered  impracticable  by  the  substitution  of  raw  infantry  from 
the  easi  for  the  California  cavalry,  which  had  hitherto  been  an 
efficient  guard  against  the  Apaches,  the  young  men  returned  to 
San  Francisco,  making  the  difficult  and  then  somewhat  dangerous 
journey  across  the  great  deserts  of  southern  California  alone, 
being  obliged  to  travel  at  night  and  lie  by  during  the  daytime 
that  they  might  notoe  seen  by  the  Indians  and  also  to  avoid 
the  great  heat  of  midday  sun.  After  working  up  the  results  of 
their  field  work  they  resumed  their  connection  with  the  California 
Survey  and  spent  the  following  summer  in  surveying  the  high 
Sierras  to  the  east  of  the  Yosemite  Valley.  It  was  during  this 
work,  according  to  Mr.  Gardiner,  that  they  planned  the  system 
of  rapid  surveying  by  triangulation  checked  by  astronomical 
locations  and  barometrical  measurements  which  was  later  so  suc- 
cessfully carried  into  practice  in  the  Exploration  of  the  40th 
Parallel. 

In  the  early  autunm,  while  still  engaged  in  this  work.  King 
received  news  of  the  sudden  death  of  his  stepfather,  Mr.  How- 
land,  and  at  once  started  home  to  be  near  his  mother,  who,  with 
three  young  children  left  dependent  upon  her,  for  the  second 
time  found  herself  reduced  from  affluence  to  comparative  poverty. 

At  this  crisis  he  found  himself  in  a  position  whose  difficulties 
would  have  daunted  a  less  courageous  and  sanguine  nature. 
Without  other  means  than  his  active  brain  and  the  experience 
gathered  during  his  four  years'  apprenticeship  on  the  California 
Survey,  he  had  not  only  to  make  a  career  for  himself,  but  to 
provide  for  the  comfort  of  those  who  naturally  looked  to  him  for 
protection  and  support.  That  experience,  however,  was  one  that 
was  invaluable  to  him  at  this  time.     He  had  familiarized  himself 
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with  the  best  method  of  overcoming  the  natural  difficulties  to 
be  met  with  in  carrying  on  scientific  exploration  in  the  west,  and 
thus  so  strengthened  the  inborn  self-reliance  of  his  nature  that, 
as  in  the  case  of  reacliing  the  summit  of  Mt.  Whitney,  failure 
seemed  only  to  spur  him  on  to  further  effort. 

Not  long  after  his  return  to  the  east,  therefore,  he  detennined 
upon  attempting  to  carry  out  the  project  that  had  been  gradually 
shaping  itself  in  his  mind  over  since  he  first  crossed  the  conti- 
nent, that,  namely,  of  inducing  Congress  to  authorize  the  making 
of  a  geological  and  topographical  survey  across  the  entire  Cor- 
dillera n  system  at  its  widest  point,  and  thus  connecting  the 
geology  of  the  east  with  that  of  the  west.  Before  leaving  Cali- 
fornia he  had  submitted  his  ])lan  to  Professor  Whitney,  hut 
the  latter,  while  thoroughly  a})preciating  its  great  scientific  im- 
])ortance,  had  refused  him  any  written  indorsement  for  the  reason 
that  he  believed  the  natural  obstacles  in  its  way  to  be  insur- 
mountablc. 

King,  however,  confident  of  the  feasibility  of  his  plan,  felt 
that  then,  if  ever,  was  the  time  to  favorably  influence  the  minds 
of  our  statesmen,  when  theii*  best  endeavors  were  directed  to 
strengthening  the  liens  that  bound  the  various  parts  of  our  great 
country  together.  There  had  been  considerable  apprehension 
during  the  dark  days  of  the  C'ivil  War  lest  California,  physically 
isolated  as  she  was  at  that  time,  should  separate  from  the  other 
♦States  and  set  up  an  independent  government.  The  subsidizing 
of  tlie  transcontinental  railroa<l  was  tlie  first  step  toward  over- 
coming this  isolation  and  binding  her  more  closely  to  the  east; 
but  still  another  step  was  necessary;  the  resources  of  the  inter- 
mediate region  should  be  ascertained  and  a  foundation  laid  for 
the  development  of  the  mineral  wealth  locked  up  in  its  mountains 
and  desert  plains,  the  importance  of  which  few  l^eside  himself 
were  able  at  that  time  to  appreciate.  In  no  other  way  could  this 
be  uiore  thoroughly  accomplished  than  by  such  a  scientific  ex- 
ploration as  he  proposed.  Subsequent  events  have  abundantly 
proved  the  cori'ectness  of  this  view,  for  nowhere  in  the  history  of 
the  world  has  there  been  recorded  such  an  amazingly  rapid  and 
permanent  development  of  a  com])aratively  unknown  region  as 
has  been  effected  in  the  thirty  years  that  have  elapsed  since  the 
oj)ening  of  the  transcontinental  railroad. 
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It  was  with  the  object  of  impressing  this  view  upon  Congress 
and  influencing  their  favorable  action  that  in  the  winter  of 
1866-'7  King,  then  barely  25  years  old  and  looking  still  more 
youthful,  presented  himself  at  Washington  armed  only  with  a 
few  letters  of  introduction  from  his  college  professors  and  from 
friends  whom  he  had  made  in  California.  It  was  to  his  earnest- 
ness and  the  magnetic  influence  of  his  personality  rather  than  to 
these  letters,  however,  that  was  due  the  favorable  impression  he 
soon  made  upon  the  leading  men  to  whom  he  first  addressed 
himself.  Chief  among  these  were  John  Conness,  of  California, 
and  Abram  S.  Hewitt,  of  New  York,  who  became  his  legisla- 
tive advisers  and  champions  upon  the  floors  of  the  Senate  and 
the  House  respectively;  General  A.  A.  Humphreys,  Chief  of 
Engineers,  eminent  not  only  as  a  military  commander,  but  also 
as  a  scientist,  under  whose  administrative  control  the  survey 
was  carried  on,  and  Spencer  F.  Baird,  Secretary  of  the  Smith- 
sonian Institution,  his  scientific  adviser,  all  of  whom  soon  became 
and  always  remained  his  warm  and  sympathetic  friends. 

On  the  second  of  March,  1867,  Congress  approved  a  bill  whose 
last  clause  authorized  the  Secretary  of  War  "to  direct  a  geological 
and  topographical  exploration  of  the  territory  between  the  Rocky 
Mountains  and  the  Sierra  Nevada  Mountains,  including  the 
route  or  routes  of  the  Pacific  Kailroad."  No  definite  sum  was 
appropriated  at  that  time,  as  the  bill  provided  that  the  expense 
should  be  met  out  of  existing  appropriations,  but  it  had  been 
arranged  beforehand  that  certain  unexpended  balances  of  appro- 
priations for  surveys  for  a  military  wagon  road  across  the  conti- 
nent should  be  used  for  this  purpose. 

Five  days  later  King  received  his  formal  appointment  as 
Geologist  in  Charge  of  the  Geological  Exploration  of  the  40th 
Parallel,  and  at  once  proceeded  to  organize  his  corps.  As  all  the 
resources  of  the  country  were  to  be  studied,  animal  and  vegetable 
as  well  as  mineral,  this  included,  besides  geologists  and  topog- 
raphers, also  a  zoologist  and  a  botanist;  a  feature  novel  at  that 
time  was  the  addition  of  a  photographer,  to  which  position  a  man 
was  selected  who  had  had  wide  field  experience  with  the  Army  of 
the  Potomac  during  the  Civil  W^ar.  An  escort  of  cavalry  was 
also  provided  as  a  guard  against  possible  danger  from  hostile 
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Indians,  which  proved  a  by  no  moans  useless  though  sometimes 
troublesome  adjunct. 

In  the  following  May  the  party  proceeded  to  (California  by 
way  of  the  Isthmus  of  I^anama,  but  it  was  near  the  end  of  Julv 
before  all  the  necessary  pr(»parations  had  been  made  and  they 
took  up  their  march  from  Sacramento  across  the  Sierra  Nevada 
to  their  field  of  work. 

In  these  days,  when  the  West  is  covered  bv  a  network  of  rail- 
ways,  it  is  difficult  to  conceive  of  the  obstacles  that  had  to  l)e 
overcome  in  carrying  out  so  ambitious  a  work  as  that  which  King 
liad  planned.  Of  the  transcontinental  railroads  but  a  few  miles 
at  either  end  had  yet  l)ei»n  constructed.  The  territories  of  Ftal^ 
and  Nevada  were  represented  on  most  maps  of  the  day  as  one 
broad  desert,  and  it  was  considered  doubtful  whether  sufficient 
water  and  grass  could  be  foimd  there  to  sui)})ort  a  camping  party. 

Through  such  a  irountry  it  was  designed  to  carry,  not  a  simple 
meander  survey  along  a  previously  chosen  route,  as  had  hitherto 
been  the  custom  in  military  explorations,  but  the  detailed  map- 
ping, both  topographical  and  geological,  of  an  area  about  100 
miles  in  width,  whicli  finally  extended  nearly  1,000  miles  in 
length. 

As  far  as  was  possible  to  human  foresight.  King  had  provided 
means  to  overcome  the  difficulties  lial)le  to  be  encountered, 
(ruided  by  his  ])revi<ms  ex])enence  in  such  work,  he  had  })erson- 
ally  supervised  the  ])n»paration  of  every  article  of  the  party's 
ecjuipment,  from  the  scientific  instruments,  many  of  which  were 
spt»cially  constructed  for  the  purpose  on  his  own  special  designs, 
down  to  the  minor  details  of  construction  of  wagons  and  pack 
saddles.  Nevertheless  there  were  many  times,  (»spc»cially  in  tlie 
first  two  seasons'  cam])aigning  in  the  deserts  of  Nex'tida,  when, 
through  weakness  resulting  from  malarial  fever  contracted  in 
tlie  Sacramento  Yalley  bottoms,  the  impossibility  of  obtaining 
|)otable  wat(»r,  a  shortness  of  food  sup])lies,  or  delays  from 
storms  or  other  causes,  discouragement  took  ])ossessi(m  of  ditfer- 
I'lit  members  of  the  j)ai'ty.  But  King*s  al)undant  courage  and 
energy  never  failed  and  his  fertility  in  expedients  was  eijual  to 
every  (Mnergency ;  so  that  he  gradually  iinpresscMl  u|M)n  every 
iiH'uiber  of  his  corps  such  confidence  in  his  ability  as  a  leader 
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that  their  personal  devotion  to  him  and  their  faith  in  the  com- 
plete success  of  the  undertaking  knew  no  bounds. 

In  1869,  when  the  two  ends  of  the  transcontinental  railroad 
had  met  in  the  Salt  Lake  Yallev,  the  work  of  the  Sun-ev  had 
been  carried  eastward  to  the  boundary  of  Wyoming,  which  was 
the  eastern  limit  of  the  area  it  was  primarily  intended  to  sur^•ey. 
In  recognition  of  the  public  demand  for  a  direct  application  of 
the  results  of  government  geological  work.  King  had  caused 
special  study  to  be  made  of  the  then  developed  mining  districts 
of  the  West,  more  particularly  of  the  ('omstock  Lode,  at  that 
time  recognized  as  one  of  the  three  or  four  greatest  silver  de- 
posits in  the  world.  This  work  was  pushed  rapidly  to  comple- 
tion and  was  issued  in  1870  in  an  elaborately  illustrated  quarto 
Tolume,  written  conjointly  by  himself  and  James  D.  Hague, 
under  the  title  of  "Mining  Industry."  It  was  described  ]^\  one 
of  its  most  capable  critics  as  by  "itself  a  scientific  manual  of 
American  precious  metal  mining  and  metallurgy."  It  was  con- 
sidered a  classic  among  works  in  its  line,  and  has  served  as  a 
model  for  similar  monographs  since  published  under  government 
auspices,  which  have  been  important  factors  tn  raising  the 
mining  industr}^  of  America  to  its  present  high  position. 

In  July,  1870,  while  the  members  of  his  corps  at  New  Haven 
were  engaged  in  writing  up  the  reports  of  what  was  supposed  to 
be  their  completed  field  work.  King  received  telegraphic  instruc- 
tions from  General  Humphreys  to  immediately  take  the  field, 
since  Congress,  of  its  own  impulse  and  without  solicitation,  now 
appreciating  the  importance  of  the  work,  had  voted  money  for 
its  further  continuation.  It  being  then  too  late  in  the  season  to 
carry  on  field  work  to  advantage  in  the  higher  regions  of  the 
Rocky  Mountains,  King  planned  an  exploration  of  the  great  ex- 
tinct volcanoes  of  the  Pacific  coast  in  order  to  complete  the 
record  of  the  volcanic  phenomena  so  abundantly  exhibited  within 
the  area  already  surveyed  in  the  Great  Basin,  and  during  the 
late  summer  and  autumn  special  studies  were  made  of  the  then 
practically  unexplored  })eaks  of  Shasta,  Rainier,  and  Hood. 

The  field  work  of  the  seasons  of  1871-'2  carried  the  work  of 
the  Survey  across  the  Uinta  and  Rockv  Mountains  well  out  onto 
the  Great  Plains.  It  was  at  the  close  of  field  work  in  the  latter 
season  that  occurred  the  exposure  of  the  great  diamond  fraud  of 
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1872,  an  incident  that  brought  into  strong  relief  King's  de- 
cision of  character  and  readiness  in  an  emergency  and  made  him 
more  widely  and  favorably  known  to  the  general  public  than  any 
sin^de  act  of  his  varied  cai*eer. 

Xews  of  an  a])parently  well  authenticated  discovery  of  dia- 
monds in  sufficient  (juantity  to  affect  the  markets  of  the  world 
had  been  circulate<l  throughout  the  public  prints  during  the  en- 
tire summer.  Its  location  had  been  kept  carefully  concealed, 
though  it  was  generally  assumed  to  be  somewhere  in  Arizona. 
A  company  with  ten  millions  of  capital  had  been  formed  to  work 
the  diamond  fields,  whose  stock  had  been  freely  subscribed  to  by 
some  of  the  most  prominent  men  in  the  East  as  well  as  the  West, 
wliile  a  host  of  other  companies  were  already  organized  ready  to 
float  their  stock  as  soon  as  the  position  and  character  of  the 
diamond-bearing  roc'ks  should  become  known. 

T^ate  in  the  autumn  the  writer  and  several  other  members  of 
tlie  40th  Parallel  Survev,  while  on  their  wav  to  San  Francisco 
at  the  close  of  Held  work,  became  possessed  of  a  number  of  clues, 
whicli  though  sc.»parately  of  the  niost  indefinite  character,  when 
combined  together  enabled  them,  from  their  intimate  knowledge 
of  the  countr}',  to  fix  the  location  of  the  supposed  discovery  at  a 
certain  point  within  the  area  surveyed  by  him  during  the  previous 
year.  Whether  by  chance  or  intention,  the  location  selected  by 
the  supposed  discoverers  had  l)een  singularly  well  chosen  from  a 
^^'ological  standpoint,  for  when  asked  where  within  that  area 
rliamonds  would  most  probably  l)e  discovered.  King  at  once  fixed 
on  that  very  region  as  the  most  probable  one  for  their  occur- 
rence. It  was  because  of  its  scientific  importance  that  he  de- 
cided upon  an  immediate  investigation  in  spite  of  the  lateness 
and  inclemency  of  the  season.  It  recpiired  over  a  week^s  travel 
for  himself  and  assistants  to  reach  the  spot,  and  when,  after 
several  days'  careful  gi»ological  investigation,  it  was  found  that 
the  diamonds  could  not  have  been  placed  there  by  Nature,  King 
realized  that  a  most  cleverly  planned  fraud  had  been  foisted  on 
the  public,  which,  if  not  promptly  and  conclusively  exposed, 
would  result  not  only  in  pecuniary  loss  to  innocent  investors, 
hut  in  great  suffering  and  even  loss  of  life  to  the  many  that 
would  probably  rush  to  the  bleak  exposed  region  where  the  loca- 
tions had  been  made.     By  journeying  night  and  day  across  the 
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bad-land  country  he  reached  the  railroad,  and  proceeding  to  San 
Francisco  laid  his  facts  before  the  managers  of  the  compaby, 
offering  to  take  to  the  spot  with  his  own  outfit  any  experts  they 
might  be  willing  to  send  to  test  the  truth  of  his  statements. 
Their  journey  was  rendered  doubly  difficult  by  the  great  bliz- 
zard of  that  year  that  overtook  them  while  in  camp,  but  the 
company's  engineers  fully  confirmed  the  conclusions  arrived  at 
by  him  and  his  party,  and  upon  their  return  they  were  promptly 
made  public  by  the  officers  of  the  company,  thus  averting  what 
bid  fair  to  be  the  most  widespread  and  gigantic  financial  calam- 
ity that  the  world  had  seen  since  the  Missouri  Bubble  of  Law. 

After  the  completion  of  field  work  of  the  Survey  in  1873  there 
was  necessarily  a  long  delay  before  the  abundant  collections  in 
the  various  scientific  branches  could  be  worked  up  by  the  re- 
spective specialists,  the  lithologic  collections  alone  numbering 
about  5,000  specimens,  for,  under  the  high  standards  fixed  for 
his  work,  it  was  only  to  the  highest  authorities  in  their  respective 
branches  that  King  was  willing  to  entrust  the  final  study  of  these 
collections. 

Thus,  under  his  instructions,  the  writer  spent  the  summer  of 
1874  in  Europe  conferring  with  the  heads  of  the  leading  Euro- 
pean geological  surveys  as  to  their  methods  of  work,  and  buying, 
at  King's  expense,  the  best  and  latest  geological  literature,  with 
which  at  that  time  American  libraries  were  but  scantily  pro- 
vided. Furthermore,  by  personal  persuasion  he  succeeded  in 
inducing  Professor  F.  Zirkel,  the  founder  of  the  science  of  mi-, 
croscopical  petrography,  to  visit  America  and  study  in  the  pres- 
ence of  the  collectors  their  numerous  collections  of  eruptive  rock 
specimens,  for  at  that  time  there  was  no  geologist  in  America 
who  had  any  practical  knowledge  of  this  new  branch  of  geology. 

King  reserved  for  himself  the  final  summarizing  of  the  work 
of  his  assistants,  and  the  drawing  of  general  conclusions  and 
theoretical  deductions  therefrom.  This  he  did  in  the  winter  of 
1877-'8  after  the  five  government  quartos  and  two  great  atlases 
embodying  the  details  worked  out  by  his  various  assistants  had 
been  printed.  This  summary  was  published  in  a  volume,  enti- 
tled "Systematic  Geology,"  of  over  800  pages,  profusely  illus- 
trated by  reproductions  of  photographic  views  illustrating  typical 
geologic  phenomena  and  analytical  charts  representing  the  im- 
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fKirtant  Htufsfrf^  in  the  geolr>gical  histon'  of  the  Cordilleran  nysiem. 
ft  waH  probably  the  most  masterly  summarv  of  a  great  piece  of 
fffHfUffpcal  work  that  ha«  ever  been  written,  and  was  well  charac- 
tt-nzi^l  by  its  m^i*»t  frompetent  critic  in  the  following  words : 

''Tfie  nupAt  fiatififactory  part  of  Mr.  King's  work,  next  to  its 
W'i«*ntififr  thoroughness,  is  the  breadth  of  view  which  embraces 
in  onrf  field  the  correlation  of  such  extended  forces  and  the  vigor 
of  grasji  with  which  the  author  handles  so  large  a  subject  with- 
out allowing  iiimself  U)  be  crushed  by  details.  Hitherto  every 
g'^'ilogical  repi»rt  has  been  a  gCH)logical  itinerary'  without  general- 
ization or  arrangement.  Tliis  volume  is  much  more:  it  is  indeed 
uliririst  a  syste/uatic  geology  in  itself,  and  might  be  printed  ir^ 
clioHfK'r  form  and  u»v?d  as  a  text-book  in  the  technological 
wliools." 

Aside  from  the  dir(»ct  contributions  to  science  embodied  in  the 
h*'\<'U  quarto  v/>lum(*s  that  ccmtained  the  published  results  of  this 
gn-at  survey,  King  exertiMl  a  most  important  influence  upon 
g#*olri^rical  work  in  this  cf)untr\'  by  the  high  standards  he  set  for 
it  and  his  practical  demonstraticm  of  the  ])ossibility  of  living  up 
to  them.  Thus  a  topographic  survey  which  should  afford  an 
jKciirate  delineation  of  the  relief  of  a  country  had  not  hitherto 
Uh'u  eonsidc»rerl  a  necessary  baw*  for  geological  mapping  either 
ill  Stat4»  or  government  surveys.  A  system  of  rapid  surveying 
by  triangulation  and  the  use  of  contours  to  express  relief  was 
fii'r^t  em))Ioye(l  by  him  in  making  maps  of  large  areas,  and  inaug- 
urated an  improvement  in  our  systems  of  cartography  that  has 
made  the  maps  issu(*d  hy  our  government  superior  to  any  in  the 
world.  He  demonstrated  the  importance  of  the  general  use  of 
photography  as  an  adjum-t  to  geology,  which  previously  had  not 
iMMfii  considered  practicable  bwause  of  the  labor  and  expense 
involved  in  transporting  th(»  necessary  apparatus  for  the  develop- 
ing of  wet  j)lat<»s  in  tlu'  field.  Of  even  greater  moment  was  the 
pnictieal  introduction  of  the  methods  of  microscopical  petrog- 
raphy, supplemente<l  hy  chemical  analysis,  in  the  examination  of 
rcK-ks — an  innovation  which  marked  the  o|Hming  of  a  new  era 
in  geological  study  in  the  United  States. 

Mis  mind  was  possessed  in  a  high  degree  of  the  quality,  known 
as  scitMitific  inuigination,  that  enabled  it  to  grasp  almost  at  a 
glance    the    ultimate   l>earing   of   observed   phenomena   on   the 
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broader  problems  of  geology,  and  thus  he  was  often  able  to  sug- 
gest to  others  profitable  lines  of  investigation  which  he  himself 
did  not  have  time  to  follow  out.  Thus,  during  his  study  of  the 
glaciers  of  Mt.  Shasta,  he  made  the  obsenations  that  are  credited 
with  first  suggesting  the  true  origin  of  the  kettle-holes  and 
kames  of  New  England,  and  his  later  discover}*^  in  the  sununer 
of  1874,  that  the  line  of  islands  extending  along  the  southern 
coast  of  New  England  from  the  heel  of  Cape  Cod  to  Staten 
Island  contains  remnants  of  the  tenuinal  moraine  of  the  great 
glacier  that  once  covered  the  northeastern  States,  had  much 
influence  in  inducing  the  later  systematic  studies  of  the  Conti- 
nental glacier  which  have  brought  about  the  most  important 
advance  in  the  science  of  glaciology  since  the  days  of  the  elder 
Agassiz. 

It  had  been  the  hope  and  ambition  of  King  and  his  associates 
on  the  40th  Parallel  that  the  quality  and  demonstrated  useful- 
ness of  their  work  would  be  such  that  it  would  ultimatelv  lead 
to  the  establishment  of  a  general  geological  survey  of  the  United 
States,  whose  permanence  would  be  assured  by  being  made  a 
bureau  of  one  of  the  executive  departments  of  the  government. 
This  result  came  about  much  earlier  than  either  of  them  had 
anticipated,  and  its  accomplishment,  singularly  enough,  was 
hastened  by  the  zeal  of  rival  leaders  of  different  government 
surveys  which  it  entirely  superseded. 

After  two  seasons  of  field  work  with  the  40th  Parallel  Survey 
had  demonstrated  the  practicability  of  geological  map-making 
in  the  West,  a  second  survey  was  inaugurated  UAder  the  Engi- 
neer Department  by  Lieut.  George  M.  Wheeler,  which  was  desig- 
nated "United  States  Geographical  Suneys  West  of  the  100th 
Meridian.^^  In  1894  the  already  existing  "Hayden  Survey" 
adopted  King's  system  of  making  topographic  maps  as  a  basis 
for  its  geology,  employing  for  this  purpose  the  topographers  on 
the  40th  Parallel  after  their  work  in  the  latter  survey  had  been 
completed,  and  its  title  was  changed  to  the  "United  States  Geo- 
logical and  Geographical  Surveys  of  the  Territories."  The  fields 
of  work  of  these  organizations  were  not  limited  by  any  definite 
bounds,  as  had  been  that  of  the  40th  Parallel,  and  with  increas- 
ing popularity  each  became  desirous  of  surveying  the  regions 
which  contained  the  most  remarkable  .and  striking  phenomena. 
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Tlius  their  work  often  overlapped  and  was  duplicated,  and  their 
rivalry  finally  became  so  intense  that  the  influence  of  one  party 
with  Congress  was  used  to  curtail  the  appropriation  allotted  to 
the  other.  As  a  final  result  of  this  rivalry  there  was  serious 
danger  of  a  reaction  in  the  feeling  of  Congress  toward  such  sur- 
veys that  would  result  in  cutting  oflf  all  government  aid  to  geo- 
logical work. 

In  this  crisis  King  was  appealed  to  as  a  disinterested  party, 
and  it  was  mainly  through  his  influence  with  the  leading  scien- 
tific men  of  the  country  and  his  tactful  management  of  affairs 
in  Congress  that  the  danger  was  averted.  Congress  was  induced 
to  call  upon  the  National  Academy  of  Sciences  for  its  advice  as 
to  the  best  methods  of  carrying  on  the  various  scientific  surveys 
which  were  then  being  conducted  under  different  departments. 
Although  a  member  of  the  Academy  since  1876,  King  was  not 
appointed  on  the  committee  to  whom  this  question  was  referred, 
but  was  freely  consulted  by  its  members  in  making  up  their 
report. 

By  the  law  of  March  3,  1879,  the  present  United  States  Geo- 
logical Sur^^ey  was  established  as  a  bureau  of  the  Interior  De- 
partment, the  exact  language  of  the  Academjr^s  report  being 
adopted  so  far  as  it  related  to  geological  surveys,  and  the  previous 
organizations  were  thereby  discontinued. 

President  Hayes,  after  consultation  with  the  best  scientists  of 
the  country,  appointed  Clarence  King  as  the  first  director  of  the 
new  Bureau.  King  accepted  the  appointment  with  the  distinct 
understanding  that  he  should  remain  at  its  head  only  long 
enough  to  appoint  its  staff,  organize  its  work,  and  guide  its  forces 
into  full  activity.  At  the  close  of  Hayes'  term  he  offered  his 
resignation,  but  at  the  President's  request  he  held  over  until 
after  the  inauguration  of  Garfield.  The  latter  accepted  it  on 
March  12, 1881,  in  an  autograph  letter  expressing  in  the  warmest 
terms  his  appreciation  of  the  efficiency  of  King's  service  and  his 
regret  that  he  did  not  find  it  possible  to  remain  longer  in  charge 
of  the  Geological  Bureau. 

Brief  as  was  the  duration  of  his  administration,  his  influence 
being  exercised  at  the  critical  period  of  the  Survey's  existence, 
left  a  lasting  impress  upon  it.  He  outlined  the  broad,  general 
principles  upon  which  its  work  should  be  conducted,  and  its 
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subsequent  success  has  been  in  a  great  measure  dependent  upon 
the  faithfulness  with  which  these  principles  have  been  followed 
by  his  successors.  His  belief  was  that  a  geological  survey  of  a 
great  industrial  coimtr}^  while  not  neglecting  the  more  purely 
scientific  side  of  its  work,  should  occupy  itself  primarily  with  the 
direct  application  of  geological  results  to  the  development  of  the 
mineral  resources  of  the  country. 

Under  his  direction  were  carried  on  the  examinations  of  the 
Comstock,  Eureka,  Leadville,  and  other  mining  districts,  whose 
importance  is  to  be  measured  not  solely  by  the  accurate  informa- 
tion which  they  afforded  of  these  particular  regions,  but  in  far 
greater  degree  by  their  influence  upon  the  whole  body  of  mining 
engineers,  in  teaching  them  the  practical  irnportance  of  a  study 
of  the  geological  relations  of  ore  deposits. 

He  also  planned  and  supervised  the  collection  of  statistics  of 
the  precious  metals  for  the  Tenth  Census,  a  work  which  has  never 
been  equaled  in  detail  or  scientific  accuracy,  and  whose  logical 
result  was  the  annual  collection  of  statistics  of  all  the  mineral 
resources  of  the  United  States,  which  has  been  carried  on  by  the 
Geological  Survey  ever  since  the  completion  of  the  work  of  the 
Tenth  Census. 

King  set  the  very  highest  standard  for  the  work  of  the  Survey 
and  showed  remarkable  judgment  and  knowledge  of  character  in 
his  selection  of  the  men  who  in  their  respective  branches  were 
best  fitted  to  keep  it  up,  as  nearly  as  possible,  to  this  standard. 
In  his  establishment  of  a  physical  laborator}^  for  the  determina- 
tion of  the  physical  constants  of  rocks,  he  took  a  step  in  the 
direction  of  the  application  of  methods  of  exact  science  to  geo- 
logical problems  so  far  in  advance  of  the  average  standards  of 
the  day  that  its  importance  was  not  generally  realized  until  long 
after. 

In  all  his  after  life  he  maintained  a  lively  interest  in  the  work 
of  the  Survey  and  kept  closely  in  touch  with  his  successors  in 
oflSce,  who  frequently  consulted  him  on  important  questions  of 
policy. 

In  giving  up  his  oflBcial  connection  with  government  geological 
work.  King  was  doubtless  influenced  by  several  motives:  His 
many  years  of  strenuous  work  and  imusual  responsibility  had 
been  a  severe  strain  upon  his  health,  and  he  felt  the  need  of  rest 
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and  change.  Moreover,  he  was  confident  that  he  could  render  a 
greater  sendee  to  geological  science  by  pursuing  the  theoretical 
researches  into  its  deeper  problems,  for  which  the  physical 
lalioraton'  he  had  established  would  in  time  furnish  the  neces- 
sary  data,  than  by  devoting  his  time  and  strength  to  administra- 
tive duties.  Financial  considerations  doubtless  had  some  weight 
also,  for  under  the  new  law  his  official  position  shut  him  out 
from  any  professional  remuneration  beyond  his  salar}',  and  that 
was  not  sufficient  to  enable  him  to  meet  the  obligations  he  felt  it 
incumbent  upon  him  to  assume  for  others. 

During  the  remaining  twenty  years  of  his  life  much  of  his 
time  was  necessarily  given  to  private  professional  work,  either  in 
personally  managing  and  developing  mining  properties  or  acting 
as  ad\'iser  for  others.  In  this  work  his  ambition  was  to  accumu- 
late sufficient  capital  to  enable  him  to  pursue  unrestrainedly 
the  necessarily  expensive  experiments  needful  for  the  canning 
out  of  his  chosen  line  of  investigation,  and  to  insure  the  comfort 
of  those  depending  upon  him.  Freed  from  the  confinement  and 
responsibilities  of  the  administration  of  a  great  survey,  he  was, 
moreover,  now  able  to  devote  more  of  his  time  to  the  cultivation 
and  indulgence  of  his  pronounced  literary  and  artistic  tastes; 
but  his  scientific  investigations,  though  of  necessity  frequently 
interrupted,  were  ever  present  in  his  mind,  and  never,  as  some 
have  erroneously  assumed,  abandoned. 

In  1882,  being  called  to  London  on  business  connected  with 
some  large  Mexican  mining  companies,  of  which  he  was  presi- 
dent, he  came  into  familiar  converse  with  the  leaders  of  the 
scientific  and  literary  circles  of  that  great  intellectual  center,  to 
whom  his  work  was  alreadv  well  and  favorablv  kno^Ti  and  his 
charging  personality  soon  endeared  him. 

The  greater  part  of  the  next  two  years  was  spent  there  and 
in  traveling  extensively  on  the  continent.  WTiile  he  naturally 
came  into  contact  with  most  of  the  prominent  scientific  men  in 
Europe  and  recalled  with  special  pleasure  his  intercourse  with 
Sir  William  Thomson  (now  Lord  Kelvin),  whose  investigations 
into  terrestrial  physics  had  early  attracted  his  attention  and  ex- 
cited his  admiration,  he  was  perhaps  even  more  widely  known 
and  admired  in  Europe  for  his  literary  and  social  qualities  and 
as  a  connoisseur  of  art. 
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In  1890  Brown  University  conferred  upon  him  the  honorary 
degree  of  LL.D.  That  he  received  no  public  recognition  of  his 
later  scientific  work  may  perhaps  be  ascribed  to  its  peculiarly 
unobtrusive  character,  which  gave  rise  to  the  erroneous  impres- 
sion that  he  had  abandoned  science  altogether. 

In  1892  he  wrote  the  only  scientific  publication  of  his  later 
years  on  the  "Age  of  the  Earth,"  which  appeared  in  the  American 
JourTMl  of  Science  in  1893.  It  is  the  latest  and  perhaps  one  of 
the  most  profound  discussions  from  the  point  of  view  of  terres- 
trial physics  of  that  important  subject,  and  was  most  favorably 
received  by  such  great  physicists  as  Kelvin  and  Helmholtz. 

By  the  great  financial  disaster  of  1893  King,  in  common  with 
many  others,  suffered  severe  financial  losses,  and  by  the  failure 
of  a  national  bank  which  he  had  founded  the  greater  part  of  his 
accumulations  of  previous  years  were  swept  away.  In  the  follow- 
ing winter,  during  convalescence  from  a  serious  attack  of  nervous 
prostration,  he  spent  several  months  in  Cuba  at  the  country  house 
of  his  friend,  Henry  Adams,  the  historian,  during  which  he  be- 
came deeply  interested  in  the  political  condition  of  the  island 
and  visited  the  camps  of  the  revolutionists,  thus  becoming  per- 
sonally acquainted  with  their  chiefs.  The  sympathy  with  their 
cause  ^which  resulted  from  his  investigations  led  him  to  actively 
espouse  it  during  the  discussions  in  this  country  which  led  up  to 
the  Spanish  Avar,  both  in  personal  interviews  with  the  leaders  of 
the  administration  and  in  published  articles  in  the  "Forum." 

He  also  investigated  the  geology  and  economic  resources  of  the 
island,  which  so  interested  him  that  it  became  one  of  his  cher- 
ished plans  of  future  work  to  organize  a  geological  survey  in 
Cuba,  if  political  conditions  should  becon\e  sufficiently  settled 
to  justify  it. 

During  his  later  years  the  great  stimulation  of  mining  in- 
dustry, of  this  country  led  to  an  ever-increasing  demand  for  his 
services,  both  as  expert  in  important  mining  investigations  and 
in  passing  on  the  value  of  properties  offered  as  investments  to 
capitalists,  demands  which  he  did  not  feel  justified  in  refusing. 
Such  work  often  involved  the  most  severe  and  even  dangerous 
strain,  and  in  this,  as  in  everything  else  in  which  he  was  engaged. 
King  never  spared  himself. 
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Ill  January,  1901,  he  undertook  the  examination  of  a  mining 
property  in  Missouri  which  had  been  sold  to  English  capitalists 
subject  to  his  approval.  An  attack  of  whooping  cough  and 
pneumonia  in  the  previous  month  liad  left  him  with  a  slight 
tubercular  affection  of  one  lung.  The  weather  was  inclement 
and  the  examination  proved  unusually  long  antl  laborious,  so 
that  at  its  close  it  was  found  that  tuberculosis  had  taken  so  firm 
a  hold  upon  his  system  that  he  was  obliged  to  abandon  all  busi- 
ness and  give  himself  up  entirely  to  the  attempt  to  recover  his 
health. 

After  a  fruitless  visit  to  the  tropics,  which  had  hitherto  proved 
a  balm  for  all  of  his  ailments,  he  attended  the  annual  meeting 
of  the  Academy  in  April,  1901,  and  then  went  West,  where  he 
spent  the  balance  of  the  year  in  southern  California  and  Arizona 
in  a  brave  though  hopeless  fight  against  the  inroads  of  the  dread 
disease. 

In  this,  with  a  thorough  understanding  of  the  probable  out- 
come of  his  illness,  he  displayed  the  same  cheerful  courage  and 
spirit  of  self-renunciation  that  had  characterized  his  whole  life. 
He  would  not  yield  to  the  desire  of  his  devoted  mother  to  hasten 
to  his  bedside,  fearing  the  effect  of  the  long  journey  in  her  then 
precarious  condition  of  health,  and  he  courteously  declined  the 
manv  offers  of  his  friends  to  \dsit  him  and  cheer  his  loneliness. 
On  Christmas  eve  of  1901,  at  Phoenix,  Arizona,  he  finally  passed 
away,  quietly  and  without  suffering,  in  the  prime  of  intellectual 
life,  with  his  greatest  scientific  work  not  yet  fully  completed  and 
leaving  a  void  in  the  hearts  of  friends  that  can  never  be  filled. 

It  is  difficult  to  fairly  judge  King's  scientific  publications  in 
the  light  of  the  present  day,  for  they  were  written  just  l)efore 
'  the  opening  of  an  era  of  great  change  in  the  methods  of  geo- 
logical investigation — a  change  which  has  thus  far  proved  de- 
structive rather  than  constructive  in  its  results.  Many  of  the 
fundamental  theories  of  geology  which  prevailed  at  that  time 
have  been  disproved  or  abandoned,  while  as  yet  there  is  no  gen- 
eral acceptance  of  those  which  have  been  put  forward  to  i*ej)lace 
them. 

In  June,  18T7,  he  delivered  the  address  at  the  31st  anniver- 
sary of  the  Sheffield  Scientific  School  on  ^*Catastrophism  and  the 
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Evolution  of  Environment."  It  was  a  protest  against  the  ex- 
treme uniformitarianism  of  that  day,  based  largely  on  the  geo- 
logical history  of  the  Cordilleran  System  as  developed  during 
the  work  of  the  40th  Parallel  Survey.  This  imiformitarianism 
he  characteristically  described  as  "the  harmless  undestructive 
rate  (of  geological  change)  of  today,  prolonged  backward  into 
the  deep  past."  He  contended  that  while  the  old  belief  in  catas- 
trophic changes  had  properly  disappeared,  yet  geological  history, 
as  he  read  it,  showed  that  the  rate  of  change  had  not  been  so 
uniform  as  was  claimed  by  the  later  school.  While  a  given 
amount  of  energy  must  evidently  be  expended,  he  reasoned,  to 
produce  a  given  effect,  yet  the  expenditure  of  this  energy  might 
be  extended  over  a  very  long  time  or  crowded  into  a  compara- 
tively short  one ;  and  his  observations  showed  him  that  at  certain 
periods  in  geological  history  the  rate  of  change  was  accelerated 
to  such  a  degree  that  the  effect  upon  life  produced  was  somewhat 
catastrophic  in  its  nature. 

Of  his  great  work  upon  Systematic  Geology-,  the  larger  part — 
that  which  outlines  the  geological  history  of  the  Cordilleran  sys- 
tem— stands  as  firmly  today  as  it  did  when  written,  as  a  correct 
and  authoritative  exposition.  In  view  of  the  circumstances  under 
which  the  field  work  was  originally  done,  its  essential  correct- 
ness, even  in  matters  of  minor  detail,  is  considered  surprising 
by  those  who  have  since  had  occasion  to  make  detailed  studies 
of  portions  of  the  area  covered.  . 

In  the  more  theoretical  sections,  while  he  necessarily  did  not 
take  into  account  the  great  number  of  new  fads  which  have  been 
established  by  more  recent  work,  especially  in  the  domain  of  . 
microscopic  petrography,  he  showed  such  grasp  of  his  subjects 
and  such  originality  and  power  of  thought  that  his  views  consti- 
tuted not  only  an  important  advance  over  those  of  the  day,  but 
they  were  suggestive  of  the  lines  of  investigation  that  have  been 
most  fruitful  in  the  modem  advance  of  geological  science. 

For  instance,  in  his  discussion  of  the  reason  for  the  changes 
from  acid  to  basic  eruptives  within  the  individual  groups,  which 
he  proposed  as  a  variation  from  the  natural  order  in  age  of  vol- 
canic rocks,  as  laid  down  by  Richthofen,  he  advanced  views  ver}- 
suggestive  of  the  modem  conception  of  differentiation  in  eruptive 
magmas. 
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Again,  in  endeavoring  to  aocoimt  for  the  formation  of  those 
types  of.  granite  that  pass  into  gneii^is  and  er}^talline  schists  of 
essentially  the  same  chemical  composition,  but  which  show  no 
evidence  of  having  been  subjected  to  such  excessive  heat  as  would 
produce  actual  liquefaction,  he  called  in  the  agency  of  the  im- 
mense pressure  to  which  such  rocks  would  necessarily  have  been 
subjected.  While  the  long  years  of  combined  field  work  and 
microscopic  study  of  modem  petrograpliers,  made  since  King^s 
theory  was  enunciated,  have  proved  that  the  structure  of  crystal- 
line schists  is  due  to  pressure,  they  do  not  go  so  far  as  he  did  in 
assuming  that  the  end  product  of  such  mechanical  pressure  might 
be  granite. 

Perhaps  his  most  enduring  theoretical  discussion  of  that  time 
was  that  on  hvpogeal  fusion,  in  which,  accepting  the  validity 
of  the  physical  arguments  against  tlie  fluid  interior  of  the  earth, 
he  discusses  and  rejects  Hopkins"  theory  of  residual  lakes  and 
Mallett's  conception  of  local  lakes  produced  by  mechanical  crush- 
ing. He  then  advances  an  hvpothesis  of  his  own  which  may  be 
called  that  of  a  critical  sliell,  or  courhe,  between  the  permanently 
solid  interior  and  the  outer  crust  of  the  earth,  which  is  above  the 
temperature  of  fusion  but  restrained  from  fusion  by  pressure. 
In  this,  th(»refore,  the  opposing  forces  of  pressure  and  tempera- 
ture hold  themselves  reciprocally  in  equilibrium,  but  when  this 
equilibrium  is  disturbed,  as,  for  instance,  by  a  sudden  change  of 
tlie  relative  position  of  isobars  and  isotherms — say  by  local 
erosion  and  rapid  transfer  of  load  within  limited  areas — ^local 
lakes  of  fusion  would  be  created.  Iddings,  in  his  "Origin  of 
Igneous  Rocks,-'  says  of  King's  treatment  of  this  subject:  "By 
the  breadth  of  his  treatment  and  bv  better  and  fuller  data  he 
advanced  the  problem  of  the  origin  of  the  various  kinds  of  vol- 
canic rocks  far  beyond  the  point  reached  by  any  of  his  prede- 
cessors." 

In  his  chapter  on  Orography,  King  says,  in  speaking  of  the 
causes  of  crust  motion :  "I  can  plainly  see  that  were  the  critical 
shell  established  its  reactions  might  thread  the  tangled  maze  of 
phenomena  successfully,  but  I  prefer  to  build  no  farther  until 
the  underlying  physics  are  worked  out."  He  was  at  that  time 
already  very  strongly  impressed  with  the  'imperfection  of  the 
then  existing  knowledge*  of  terrestrial  thermo-dynamics  and  the 
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indispensability  of  more  exact  data  in  this  branch  of  science  for 
a  rational  discussion  of  the  fundamental  problems  of  geolog}'. 

This  idea  found  a  practical  outcome  a  few  years  lat«r  in  the 
establishment  of  a  physical  laboratory,  immediately  after  his 
assumption  of  the  Directorship  of  the  United  States  Geological 
Survey.  His  earnestness  and  energy  is  shown  by  the  fact  that 
instead  of  waiting  for  the  slow  action  of  Congress,  he  defrayed 
the  cost  of  the  delicate  apparatus  necessary  for  this  work  out  of 
his  own  pocket.  The  credit  of  the  brilliant  physical  investiga- 
tions carried  on  in  that  laboratory  is  naturally  due  to  Professors 
Barus  and  Hallock,  who  conducted  them,  but  it  was  King's 
acumen  and  good  judgment  that  was  responsible  for  their  selec- 
tion, and  his  action  that  made  it  possible  for  them  to  carry  on 
their  work.  To  himself,  as  he  says  ten  years  later  in  his  paper 
on  the  Age  of  the  Earth  (Am.  Jour.  Sci.,vol.  xlv,  January,  1893), 
he  reserved  the  privilege  of  "making  geological  applications  of 
the  laboratory  results."  The  experiments  on  the  physical  con- 
stants of  rocks  contemplated  were  to  be  directed  to  the  determina- 
tion (a)  of  the  phenomena  of  fusion,  (6) of  those  of  elasticity 
and  viscosity,  and  (c)  of  those  of  heat  conductivity,  each  consid- 
ered with  special  reference  to  their  dependence  on  temperature 
and  pressure. 

The  paper  on  the  Age  of  the  Earth,  mentioned  above,  is  his 
only  published  result,  and  was  but  an  earnest  of  what  he  had 
planned  to  do.  This  was  an  attempt  to  advance  to  new  precision 
Kelvin's  estimate  of  the  earth^s  age  deduced  from  terrestrial 
refrigeration.  It  consists  mainly  of  a  mathematical  discussion 
of  the  earth^s  thermal  age  as  determined  from  various  postulates 
presented  by  Laplace,  George  H.  Darwin,  and  Lord  Kelvin,  and 
based  on  Barus^  determinations  of  the  latent  heat  of  fusion,  spe- 
cific heat,  melted  and  solid,  and  volume  of  expansion  between 
the  solid  and  melted  state,  of  the  rock  diabase.  This  is  followed 
by  a  critical  examination  of  other  methods  of  determining  the 
earth's  age — by  tidal  retardation,  by  sun-age,  and  by  variations 
of  eccentricity.  After  a  careful  scrutiny  of  all  the  data  on  the 
effect  of  pressure  on  the  temperature  of  consolidation.  King  con- 
cluded that,  without  further  experimental  data,  "we  have  no 
warrant  for  extending  the  earth's  age  beyond  24  millions  of 
years,"  an  estimate  which,  as  the  result  of  a  somewhat  more  ex- 
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tended  discussion,  was  afterwards  confirmed  by  Lord  Kelvin 
himself.     (Smithsonian  Report,  1897,  p.  345.) 

His  further  investigations  along  the  same  general  lines  on  the 
fundamental  principles  of  upheaval  and  subsidence  were  in  an 
advanced  stage  of  completion  when  they  were  cut  off  by  his 
untimely  death. 

It  is  practically  impossible  to  adequately  characterize  King's 
literary  work,  for  the  greater  part  of  what  he  did  was  never  pub- 
lished, and  verv  likelv  never  even  written.  It  was  his  habit  to 
work  out  in  his  head  any  subject  whicli  interested  him,  even 
down  to  its  minutest  details,  before  putting  a  pen  to  paper ;  once 
this  was  accomplished  to  Ids  satisfaction,  he  wrote  with  such 
ease  and  rapidity  that  the  words  actually  flowed  from  his  pen. 
Probably  one  reason  that  he  did  not  write  more  was  that  his  own 
literary  taste  was  so  refined  and  exacting  that  he  was  never 
thoroughly  satisfied  with  his  own  conceptions.  In  his  scientific 
\\  riting,  there  was  generally  some  imperious  necessity  that  made 
it  urgent  upon  him  to  give  his  results  to  the  public  in  spite  of 
the  imperfections  he  might  still  see  in  them,  but  in  literature 
such  necessity  rarely  appeared.  What  he  did  publish  he  himself 
held  in  comparatively  light  esteem,  but  in  the  opinion  of  the 
best  literarv  writers  of  the  dav,  with  most  of  whom  he  was  on 
terms  of  friendly  and  intimate  intercoui-se,  his  writings,  and  even 
more  his  affluent  and  delightful  talks,  disclosed  a  literary  qualit}' 
tliat  miglit  have  given  him  a  foremost  place  among  American 
men  of  lettei^s. 

His  one  literary  book,  J'Mountaineering  in  the  Sierra  Ne- 
vada," went  through  more  editions  in  England  than  in  tliis  coun- 
try, and  was  very  generally  regarded  there  as  far  the  best  book 
of  its  kind  that  had  ever  been  written/  Of  it  Edward  Gary,  one 
of  our  most  discriminating  literarv^'ritics,  has  said: 

**Tliore  is  in  these  pages  a  vital  harmony  between  the  subject- 
matter  and  the  form.  It  cannot  be  analyzed;  much  less  can  it 
be  described  or  accoimted  for ;  least  of  all  can  it  be  resisted.  It 
stimulates  and  energizes,  while  it  charms  the  mind.  Jit  gives, 
in  its  own  way  and  in  its  field,  an  intelligent  reaction  akin  to 
that  given  by  fjertain  passages  of  Shakespeare  in  which  he  ex- 
plores the  depths  of  human  consciousness^;  and  every  inflection, 
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every  cadence  thrills  with  the  solemnity  and  the  vastness  of  the 
subject." 

Of  his  occasional  articles  in  current  periodicals,  two  appeared 
in  the  Century  in  1886,  two  in  the  North  American  Review,  and 
three  in  Forum,  Of  the  latter,  two  on  Cuba,  published  in  the 
years  immediately  preceding  the  Spanish  War,  were  written 
under  the  impulse  of  strong  feelings  of  s}Tnpathy  with  the  cause 
of  the  insurgents,  with  whom  he  had  come  into  intimate  personal 
contact  during  the  winter  he  spent  on  the  island. 

Of  his  Century  articles,  one  was  a  delicate  tribute  to  his  closest 
friend,  John  Hay,  as  one  of  the  biographers  of  Lincoln;  the 
other,  a  short  sketch  of  his  search  for  the  "Helmet  of  Mam- 
brino"  for  a  fellow-Cervantista,  was  that  which  more  than  anv- 
thing  he  ever  published  disclosed  the  exquisite  delicacy  of  his 
literary  touch,  which  rivaled  that  of  Howells  or  James  and 
showed  an  even  rarer  and  more  refined  quality  of  wit  than  Bret 
Harte^s. 

The  best  idea  of  the  estimation  in  which  he  was  held  by  his 
many  friends  and  associates  in  the  literary  and  artistic  world 
may  be  obtained  from  the  following  quotation  from  the  necrol- 
ogy of  the  Centnry  Association  of  New  York,  of  which  he  had 
been  a  prominent  member  for  the  last  quarter  of  a  century : 

"He  was  himself  a  blend  of  varied  qualities  and  gifts  that  were 
not  always  ready  to  keep  the  peace  one  with  another,  but  the  col- 
lective manifestation  of  which  was  to  his  fellows  a  constant  joy. 
The  talk  he  made  or  evoked  may  be  equaled  by  those  who  are  to 
come  after;  it  can  never  be  matched.  Its  range  was  literally 
incalculable.  It  was  impossible  to  foresee  at  what  point  his 
tangential  fancy  would  change  its  course.  From  the  true 
rhythm  of  Creole  gumbo  to  the  verse  of  Theocritus,  from  the 
origin  of  the  latest  mot  to  the  age  of  the  globe,  from  the  soar  or 
slump  of  the  daVs  market  to  the  method  of  Lippo  Tiippi,  from 
the  lightest  play  on  words  to  the  subtlest  philosophy,  he  passed 
with  buoyant  step  and  head  erect,  sometimes  with  audacity  that 
invited  disaster,  often  with  profound  penetration  and  with  the 
informing  flash  of  genius,  ^t  is  but  a  suggestion  of  his  rare 
equipment  to  say  that  in  his  talk,  as  in  his  work,  his  imagination 
was  his  dominant,  at  moments  his  dominating  quality.^  Intense,, 
restless,  wide-reaching,  nourished  by  much  reading,  trained  in 
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the  exercise  of  an  exact  and  exacting  profession,  stimulated  by 
commerce  with  many  lands  and  races,  it  played  incessantly  on 
the  topic  of  the  moment  and  on  the  remotest  and  most  complex 
problems  of  the  earth  and  the  dwellers  thereon.  And  within 
a  nature  brilliant  and  efficient  beyond  all  common  limits  glowed 
the  modest  and  steady  light  of  a  kindness  the  most  unfailing 
and  delicate.  (The  good  one  hand  did  he  let  not  the  other  know ; 
both  were  always  busy,  laying  -in  many  lives  the  foundations  of 
tender  and  lasting  remembrance.") 
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The  following  list  comprises  the  principal  published  works 
of  Clarence  King: 

Mountaineeriug  In  the  Sierra  Nevada.     Boston,  1870. 

Mining  Industr>'  (by  James  D.  Hague,  witli  geological  contributions 
by  Clarence  King),  vol.  iii  of  the  Fortieth  Parallel  Reports. 
Government  Printing  Office,  Washington,  1870. 

Active  Glaciers  within  the  United  States.  Atlantic  Monthly,  March, 
1871. 

On  the  Discovery  of  Actual  Glaciers  on  the  Mountains  of  the  Pacific 
Slope.    Am.  Jour.  ScL,  3d  ser.,  vol.  i,  p.  157.     1871. 

Three  Lakes.    Poem  in  hexameters.    Privately  printed  in  folio,  1875. 

Notes  on  Observed  Glacial  Phenomena  and  the  Terminal  Moraine  of 
the  N.  E.  Glacier.  Proc.  Boston  Soc.  Yaf.  Hist.,  vol.  xix,  p.  00. 
1876. 

Paleozoic  Subdivisions  of  the  Fortieth  Parallel.  Am.  Jour.  Sci.,  3d 
ser..  vol.  XI,  p.  475.    1876. 

Notes  on  the  Uinta  and  Wahsatch  Ranges.     Ibid.,  p.  41)4. 

Catastrophism  and  Evolution.    Am.  \at..  vol.  ii.  p.  449.    1877. 

Systematic  Geologj-.  Vol.  i  of  the  Fortieth  Parallel  Reports.  Govern- 
ment Printing  Office,  Washington.  187a 

First  Annual  Report  of  the  V.  S.  Geological  Survey.  Government 
Printing  Office,  Washington,  1880. 

Production  of  the  Precious  Metals  In  the  U.  S.  V.  S.  Geol.  Survey,  2d 
Ann.  Report,  pp.  333-400.  CJoveniment  Printing  Office,  Washing- 
ton, 1882. 

On  the  Physical  Constants  of  Rocks.  U.  S.  Geol.  Survey,  3d  Ann. 
Report,  p.  3.     Government  Printing  Office.  Washington,  1883. 

Style  and  the  Monument.  North  Am.  Revieic,  November,  1885.  (An 
article  on  the  proposed  Grant  monument — anonymous,  but  known 
by  friends  of  Mr.  King  to  have  been  written  by  him.) 

Artlum  Maglster.    North  Am.  Revieic,  October.  1888. 

The  Age  of  the  Earth.     Amer.  Jour.  8ci..  vol.  xlv,  January,  ISSKi. 

The  Helmet  of  Mambrlno.    Century,  p.  154,  May,  1886. 

The  Biographers  of  Lincoln.    Century,  p.  861,  October,  1886. 

The  Education  of  the  Future.    Forum,  p.  20,  March.  1892. 

Shall  Cuba  be  Free?    Forum,  p.  50,  September,  1895. 

Fire  and  Sword  In  Cuba.    Forum,  p.  31.  September.  1896. 
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Charles  Emerson  Beecher,  eldest  son  of  Moees  and  Elmily 
(Downer)  Beeeher,  was  bom  in  Dunkirk,  Xew  York,  October  9, 
1856. 

The  mother  of  Moses  Beeeher  was  a  Dawson,  originally  from 
England.  On  the  Emerson  side,  the  great-grandfather  of  Charles, 
Richard  Emerson,  was  from  Spofford,  Xew  Hampshire,  and  his 
wife  was  Mary  Gorton,  a  direct  descendant  of  Samuel  Gorton, 
of  Rhode  Island.  They  moved  to  Otsego  county.  New  York,  in 
1749. 

Moses  Beeeher  was  a  banker,  and  is  remembered  as  a  courtly 
gentleman  of  the  old  school,  a  man  of  education  and  refinement. 
He  and  his  wife  were  considered  persons  of  more  than  ordinary 
cultivation  and  attainments.  Five  children,  four  bojrs  and  a 
girl,  were  bom  to  them,  of  whom  one  brother  survives  in  Cali- 
fornia. 

In  the  early  childhood  of  Charles  his  parents  removed  to  War- 
ren, Pennsylvania,  where  the  boy  attended  private  grammar  and 
the  public  high  schools.  The  surroundings  were  favorable,  the 
rocks  of  the  vicinity  rich  in  fossils,  and  at  the  age  of  twelve 
years  he  began  making  a  collection  of  the  local  fossils.  Perhaps, 
as  he  was  always  delicate,  his  parents  may  have  encouraged  him 
as  a  means  of  keeping  him  as  much  as  possible  in  tlie  open  air. 
At  all  events,  he  became  much  interested,  and  amassed  from  the 
Chemung  and  Waverley  formations  of  Warren  a  choice  and  ex- 
tensive collection.  These  tastes  soon  led  him  to  extend  his  studies 
to  the  minerals  and  recent  shells,  in  wliich  he  always  remained 
interested. 

Later  he  took  the  scientific  course  at  Michigan  University, 
receiving  in  1878  the  degree  of  B.  S.  from  that  institution.  The 
late  Prof.  James  Hall,  of  Albany,  kept  a  watchful  eye  on  all 
students  and  collectors  of  fossils,  and,  after  graduation,  young 
Beeeher  went  to  Albanv  almost  immediatelv,  where  he  was  en- 
gaged  as  assistant  in  the  New  York  State  Museum  directed  by 
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Professor  Hall,  and  afTording  unrivaled  opportunities  for  the 
study  of  American  paleozoic  invertebrates.  During  the  ten  years 
spent  here  by  young  Beecher  he  not  only  became  proficient  to  a 
remarkable  degree  in  knowledge  of  the  New  York  faunas,  but, 
having  a  natural  facility  in  mechanical  matters  and  the  use  of 
tools,  he  became  an  exceptionally  fine  preparator  of  fossils,  and 
always  enjoyed  the  process  of  disentangling  a  complicated  fossil 
from  its  matrix,  or  the  revelations  of  the  saw  in  making  serial 
sections.  Some  of  the  preparations  of  groups  of  trilobites  left 
by  him  in  the  State  Museum  are  marvels  of  well-directed  and 
successful  effort.  In  such  things  he  took  the  pride  of  a  success- 
ful craftsman  who  knows  that  his  work  is  good. 

His  first  scientific  papers  were  written  in  cooperation  with 
otliers,  and  treated  of  the  recent  moUusks.  After  going  to  Al- 
bany he  continued  to  collect  and  study  the  local  fauna.  These, 
together  with  material  collected  at  Warren  and  near  Ann  Arbor, 
or  obtained  by  exchanges,  amounting  in  all  to  about  twenty  thou- 
sand specimens,  he  gave  to  the  New  York  State  Museum  in  1886 
and  1887. 

Beside  work  on  the  collections  at  Albany  he  rendered,  accord- 
ing to  Prof.  James  Hall,  important  assistance  to  that  gentleman 
in  the  preparation  of  his  great  monographs  of  the  different 
groups  of  invertebrates  from  the  New  York  rocks,  especially  the 
Mollusks,  Polyzoa,  and  Corals.  These  works  were  printed  by  the 
State  of  New  York,  and  in  the  prefaces  ample  acknowledgments 
are  made  of  Beecher s  services. 

Always  skillful  as  a  draftsman,  he  added  to  his  small  salary 
from  the  State  by  making  drawings  for  professional  men  at 
Albany,,  and  most  of  his  papers  were  illustrated  by  his  own  hand. 
His  vacations  were  spent  at  localities  where  collections  could  be 
made,  especially  the  richly  fossiliferous  beds  of  the  HeUlerberg 
Mountains,  near  Albany,  New  York.  Of  his  collections  liere 
IVofessor  Jackson  remarks:* 

''Indian  ladder,"  in  the  Helderberg  Mountains,  was  always  a 
favorite  and  fertile  spot  for  him,  dating  back  to  his  Albany  days. 
It  is  one  of  the  most  beautiful  and  picturesque  regions  in  the 
Helderbergs.     He  collected  there  slabs  of  limestone  containing 
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fossils  which  were  silicified  in  the  most  perfect  condition  for 
development  by  etching  with  acid.  From  such  materials  he  ob- 
tained specimens  of  surpassing  beauty  and  scientific  interest. 
Beside  adult  fronds  of  Bryozoa,  Brachiopoda,  Crustacea,  and 
other  fossils  in  most  perfect  preservation,  he  obtained  minute 
embryos  and  small  species  in  large  numbers  in  literally  wonderful 
condition  of  perfection.  Young  Bilobites  half  a  millimeter  in 
length,  young  Acidaspis  0.83  millimeter,  and  Arges  1.15  milli- 
meters long,  both  of  the  latter  so  perfect  that  he. figured  them 
from  both  the  dorsal  and  the  ventral  aspects;  young  PleurO" 
diciyon  consisting  of  the  initial  cup  alone,  and  also  others  with 
the  first  lateral  buds;  young  Bryozoa  showing  initial  chambers. 
Such  material,  selected  with  infinite  care  and  patience,  formed 
the  basis  of  a  number  of  papers  by  Beecher  and  others. 

At  this  period  Beecher  published  independently  a  paper  on 
Phyllocarida,  a  group  in  which  he  never  lost  interest,  from  ma- 
terial collected  by  him  at  Warren,  Pennsylvania;  and  several 
papers  on  the  recent  RissoidaB.  His  most  important  work  of  this 
period  was  based  on  Brachiopoda  obtained  from  the  clays  of 
Waldron,  Indiana,  in  which  he  was  associated  with  John  M. 
Clarke.  This  paper  is  one  of  the  first  on  the  development  of 
Paleozoic  Brachiopoda,  and  opened  up  several  new  lines  of  in- 
vestigation. 

In  1888  Prof.  0.  C.  Marsh,  of  Xew  Haven,  induced  Beecher 
to  accept  the  position  of  Assistant  in  Paleontology  at  the  Peabody 
Museum  of  Yale  University,  though  for  a  time  he  was  also  named 
Consulting  Paleontologist  to  the  Museum  at  Albany,  and  re- 
turned there  from  time  to  time  in  connection  with  the  duties  of 
this  honorary  position.  He  also  pursued  his  studies*  at  Yale, 
under  Dana,  for  the  degree  of  Ph.  D.,  which  was  conferred  upon 
him  in  1889,  his  doctoral  thesis  treating  of  the  Brachio-spongii- 
dflB,  a  group  of  fossil  sponges  of  which  the  Yale  Museum  has  an 
unusually  fine  series.  Owing  to  the  illness  of  Professor  Dana, 
in  1891,  Beecher  took  charge  of  the  classes  in  Geology  during 
that  and  the  following  year,  when  he  was  made  Instructor  in 
Paleontology^  and  later  Assistant  Professor  of  Paleontology,  be- 
coming in  1897  Professor  of  Historical  Geology  and  a  member 
of  the  Governing  Board  of  the  Sheffield  Scientific  School  of  Yale 
University. 
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Professor  Marsh  recognized  Beechers  ability  and  appreciated 
his  lovaltv  as  assistant  in  the  Museum,  which  on  the  Paleon- 
tological  and  Geological  side  ^larsh  effectively  controlled  during 
his  lifetime.  On  Marsh's  death,  in  1899,  Beecher  succeeded  him 
as  curator  of  the  geological  collections,  and  was  made  a  member 
of  and  secTCtary  to  tlie  Board  of  Trustees  of  the  Museum.  He 
then  undertook  to  arrange,  develop,  and  place  on  exhibition  the 
^larsh  collection  of  fossil  vertebrates.  This  work  was  done  under 
his  direction,  though  ho  personally  had  much  to  do  with  the  large 
mounts  of  Claosaurus  and  Brontosaurus,  the  former  of  which  he 
has  described  at  length  in  a  paper  published  by  the  Connecticut 
Academy  in  its  Transactions. 

In  June,  1899,  Beecher  gave  his  large  and  very  valuable  collec- 
tion of  fossils  to  the  Peabody  Museum,  as  he  expressed  it,  "in 
grateful  recognition  of  the  honors  and  favors  conferred  upon  me 
during  my  connection  M^ith  the  University."  These  collections 
comprised  over  100,000  specimens  and  about  five  hundred  t>^pes, 
which  had  served  as  a  basis  for  publications  by  the  States  of  New 
York  and  Pennsylvania  and  various  scientific  periodicals.  The 
material  was  chiefly  from  the  Devonian  and  Tjower  Carboniferous 
of  the  two  States  mentioned,  and  represented  the  private  labor, 
outside  of  his  oflBcial  working  hours,  for  some  twenty  years. 

"Already  interested  in  studies  of  the  development  of  organ- 
isms from  his  work  on  the  development  of  Silurian  brachiopods, 
in  1889  Beecher  became  deeply  interested  in  the  late  Professor 
Hyatt's  methods  of  work — the  application  of  the  principles  of 
stages  in  development,  acceleration,  parallelism,  and  dynamic 
genesis  to  the  unraveling  of  the  genealogical  relations  of  living 
and  fossil  animals.  Bringing  to  this  work  his  large  and  intimate 
knowledge  of  species  and  the  structure  of  fossil  types,  Beecher 
entered  into  this  field  with  characteristic  energy  and  becaiue  a 
leader  of  the  Hyatt  school.  Beechers  reputation  as  an  investi- 
gator will  rest  chiefly  on  the  rich  results  he  obtained  in  the  crit- 
ical, painstaking  application  of  those  fruitful  principles  that 
Professor  Hyatt  labored  so  long  to  establish."* 

•  R.  T.  JackBon  In  Amerieau  Naturalist  for  June.  ltK)4.  This  article 
and  Professor  Schuchert's  memoir  in  the  American  Journal  of 
Science  for  the  same  month  have  been  freely  laid  under  contribution 
for  the  purposes  of  the  present  memoir. 
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"To  Beecher  We  owe  the  first  natural  classification  of  the 
Brachiopoda  and  Trilobita  baaed  on  the  law  of  recapitulation 
and  on  chronogenesis.  He  also  gave  a  very  philosophic  account 
as  to  the  origin  and  significance  of  spines  in  plants  and  animals. 
On  these  works  his  r'eputalion  in  days  to  come  will  chiefly  rest."* 

In  1893  there  was  discovered  in  the  Utica  formation  near 
Rome,  New  York,  a  band,  not  over  one-fourth  of  an  inch  thick, 
in  wliich  occur  the  trilobites  Triarthrus  and  Trinucleus,  ex- 
quisitely preserved  as  pseudomorphs  in  iron  pyrite,  retaining  an- 
tennae and  legs  and  many  of  the  more  delicate  parts.  This  dis- 
covery, by  W.  S.  Valiant,  afforded  a  hitherto  unparalleled  oppor- 
tunity for  the  study  of  these  animals.  Two  specimens  of  Trilo- 
bites with  legs  had  been  previously  known ;  W.  D.  Mathew  had 
announced  the  presence  of  antenna?,  and  Walcott  by  laborious 
serial  sections  had  determined  the  number  and  approximate  form 
of  the  legs  and  gills  in  a  number  of  species.  Now,  however,  a 
vastly  better  opportunity  for  precise  observation  of  the  details  of 
the  structure  of  these  animals  was  presented.  Beecher  took 
out  several  tons  of  the  shale  and,  aided  by  his  remarkable  manual 
dexterity,  mechanical  skill,  and  untiring  patience,  worked  out  the 
structure  of  antennae,  legs,  and  other  ventral  appendages  with  a 
minuteness  which  had  previously  been  impossible.  Since  1893 
he  published  fifteen  papers  on  the  Trilobites,  including  in  1897 
a  classification  based  on  these  studies,  in  which  the  group  was 
divided  into  three  orders,  founded  chiefly  on  the  development 
of  the  free  cheeks.  At  the  time  of  his  death  he  was  at  work  on 
an  extensive  monograph  of  Trilobite  structure.  He  regarded 
these  animals  as  forming  a  subclass  equal  in  rank  to  the  Ento- 
mostraca  and  Malacostraca,  stating  that  in  nearly  every  partic- 
ular "the  Trilobite  is  very  primitive  and  closely  agrees  with  the 
theoretical  crustacean  ancestor.  Its  affinities  are  with  both  the 
other  subclasses,  especially  their  lower  orders,  but  its  position  is 
not  intermediate."  More  than  five  hundred  specimens  of  Tri- 
nucleus  and  Triarthrus  were  prepared  by  him,  and  Schuchert  ob- 
8€^es  that  few  can  appreciate  the  remarkable  talent  displayed 
in  clearing  the  adhering  black  shale  from  these  small  specimens, 
and  that  it  will  be  a  long  time  before  his  equal  in  this  delicate 
work  is  likely  to  appear. 

♦  Cbarles  Schncbert,  op.  clt 
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Beside  his  works  on  the  Corals.  BraeliiopoHs.  and  Trilobites 
above  referred  to.  he  became  in  1892  deeply  interested  in  the  sig- 
nificance of  spines,  accumulating  material  till  1898,  when  he  pub- 
lished his  memoir  entitled  *^The  origin  and  significance  of 
spines/*  the  longest  of  his  paiiers  and  the  one,  according  to 
Schuchert,  which  he  regarded  as  his  l>est  and  most  philosophic 
work. 

Fortunately  for  students  of  Paleontology,  most  of  Beecher's 
more  important  papers  were  reissued  in  one  volume  in  the  Yale 
Bicentennial  series,  entitled  "Studies  in  Evolution."  He  himself 
regarded  the  reprinting  of  already  published  papers  as  a  kind 
of  extravagance;  but  those  interested  in  philosophical  zoology 
will  feel  grateful  for  the  combination  of  so  many  important  con- 
tributions to  it  in  the  compass  of  one  volume.  His  views  on  the 
classification  of  the  Brachiopoda  and  Trilobita  are  incor])orated 
in  the  translation  by  Eastman  of  ZitteFs  Grundziige  df*r  Palfpon- 
tolofjlv, 

Tn  his  bachelor  davs  at  N'ew  Haven,  Beecher.  with  Pirsson, 
Penfield,  and  AVells,  roomed  in  "The  Attic,"  the  to])  story  of  the 
Sheffield  Scientific  School,  which  was  comfortably  fitted  up  in 
true  Bohemian  style ;  and  Jackson  ret'alls  as  one  of  the  pleasant- 
est  rec-ollections  of  a  visit  to  Xew  Haven  the  memorv  of  calls  at 
"The  Attic,"  where,  after  working  hours,  delightful  intercoui*se, 
sfK^-ial  and  scientific,  was  held,  often  far  into  the  night.  After 
moving  to  Xew  Haven,  Beecher  made  his  single  journey  abroad 
in  company  with  the  late  Dr.  George  Baur,  visiting  many  Euro- 
pean museums. 

Scpt(»mber  12,  1894,  Professor  Beecher  married  Miss  ^lary 
Salome  (Jalligan,  of  Warren,  Pennsylvania,  who,  with  two  daugh- 
tei-s.  his  mother,  and  one  brother,  survives  him. 

Always  delicate,  of  medium  height,  dark  hair  and  eyes,  and 
ap[)arently  good  physique  Professor  Beecher  had  the  aspect  of 
a  man  whose  years  might  l)e  long  in  the  land,  and  of  late  had 
sctMiied  to  enjoy  excellent  lu^alth,  but  he  died  suddenly,  from  an 
affection  of  the  heart,  February  14.  1904,  with  no  warning  to 
soften  the  blow  to  those  who  lo\ed  him.  His  remains  lie  in 
Grove  Street  Cemeter}-.  Xew  Haven,  in  the  shadow  of  the  Shef- 
field Scientific  School. 

The  director  of  the  school  has  said  of  him:  "Quiet  and  unas- 
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suniing,  he  never  sought  adulation,  but  when  there  was  earnest 
work  to  be  done,  requiring  skill,  patience,  and  good  judgment, 
he  would  labor  quietly  and  industriously,  bringing  to  bear  upon 
the  problem  such  a  measure  of  common  sense  and  of  thoughtful- 
ness  that  confidence  in  and  respect  for  his  conclusions  were  in- 
evitable. *  ♦  ♦  No  matter  how  trivial  the  duty,  it  was  al- 
ways done  at  the  appointed  time,  and  thoroughly  done.  *  *  ♦ 
A.S  a  friend  he  was  loyal  and  trustworthy,  and  his  memory  will 
always  be  cherished  by  his  associates  in  the  SheflSeld  Scientific 
School." 

One  of  his  pupils  has  testified  to  the  inspiration  given  by  him 
to  his  students,  and  how  liis  patience,  perseverance,  and  in- 
genuity sened  as  an  incentive  to  his  associates,  who  were  drawn 
closely  to  him  by  his  enthusiasm  and  entire  lack  of  egotism. 

There  is  no  doubt  that  in  the  death  of  Professor  Beecher  not 
only  has  Yale  sustained  a  serious  Ujss  and  Paleontology  a  severe 
blow,  but  the  ranks  of  those  capable  of  bringing  to  the  study  of 
fossils  keen  insight  and  a  philosophical  spirit  of  inquiry,  guided 
by  principles  whose  value  can  hardly  be  exaggerated,  are  dimin- 
ished by  one  whom  science  could  ill  afford  to  lose  and  to  whom, 
humanly  speaking,  there  should  have  remained  many  years  of 
industrious  and  fruitful  research. 
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BIOGRAPHICAL  MEMOIR  OF  GEORGE  PERKINS  MARSH. 


George  Perkins  Marsh*  was  bom  in  Woodstock,  Vermont, 
March  15,  1801,  the  son  of  the  Hon.  Charles  Marsh  and  his 
second  wife,  the  daughter  of  Elisha  Perkins,  of  Plainfield,  Con- 
necticut. His  ancestor,  John  Marsh,  came  from  England  to 
Massachusetts  in  1633,  and  in  1635  removed  to  Lebanon,  Con- 
necticut; and  his  grandfather,  Joseph  Marsh,  was  an  early 
settler  in  the  "New  Hampshire  grants'' — afterwards  Vermont — 
where,  in  1778,  he  was  the  first  lieutenant  governor  of  the  new 
State. 

Marsh's  boyhood  was  passed  in  the  vigorous  life  of  a  hilly 
country.  He  narrates  that  in  his  fifth  year  he  sat  on  a  little  stool 
between  his  father's  knees  in  a  two-wheeled  chaise : 
.  "My  father  pointed  out  the  most  striking  trees  as  we  passed 
them,  and  told  me  how  to  distinguish  their  varieties.  I  do  not 
think  I  ever  afterward  failed  to  know  one  forest  tree  from 
another.  *  *  *  He  pointed  out  the  direction  of  the  different 
ranges  of  hills ;  told  me  how  the  water  gathered  on  them  and  ran 
down  their  sides.  *  *  *  He  stopped  his  horse  on  the  top  of  a 
steep  hill,  bade  me  notice  how  the  water  there  flowed  in  different 
directions,  and  told  me  that  such  a  point  was  called  a  watershed. 
I  never  forgot  that  word,  nor  any  part  of  my  father's  talk  that 
day." 

At  seven  the  boy  used  to  lay  a  volume  of  the  Encyclopaedia 
Britannica  on  the  floor,  lean  over  it  on  his  elbows,  and  read  it  for 
hours  at  a  time,  to  the  point  of  injuring  his  eyes,  from  which  he 
long  afterwards  suffered.  After  brief  preparatory  studies  at 
Phillips  Andover  Academy,  he  entered  Dartmouth  College  in 
1816,  where  he  was  known  as  an  assiduous  student,  chiefly  in 
ancient  and  modem  languages,  and  where  he  was  graduated  with 

*The  following  memoir  is  based  chiefly  on  the  **Life  and  Letters  of 
G.eorge  Perkins  Marsh,"  by  his  widow,  Caroline  Crane  Marsh  (New  York, 
Scribner,  188S— only  vol.  I  published) ;  a  **  Discourse  Commemorative 
of  the  Hon.  George  Perkins  Marsh,''  by  Samuel  Oilman  Brown,  deliv- 
ered at  Dartmouth  College  and  at  the  University  of  Vermont  in  1883, 
and  a  "Bibliography"  by  H.  L.  Koopman  (Burlington,  Vermont,  1892). 
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highest  honors  in  1830.  After  a  brief  and  unsuccessful  period  as 
a  teacher  at  a  military  academy  in  Norwich,  Vermont,  he  re- 
turned home  to  study  law  with  his  father,  and  was  admitted  to 
the  l)ar  in  1825.  He  then  removed  to  Burlington,  Vermont, 
wliere  his  cousin,  James  Marsh,  was  president  of  the  University 
of  Vermont,  and  where  he  divided  his  time  between  the  practice 
of  his  profession  and  literary  studies.  Here,  in  1828,  he  married 
Harriet  Buell,  who  died  in  1833 ;  he  married  again  in  1839,  his 
second  wife  being  Caroline  Crane,  of  Berkley,  Massachusetts,  who 
survived  him.  In  1835  he  was  elected  to  the  Supreme  Executive 
Council  of  Vermont,  one  of  thirteen  members — ^there  was  tlien 
no  State  senate — and  in  1837  he  made  a  journey  to  the  upper 
Mississippi  Valley  as  far  as  the  Falls  of  St.  Anthony.  Eetuming 
to  his  eastern  home,  he  became  interested  in  the  establishment 
of  a  woolen  manufactury  at  Winooski,  and  at  the  same  time  took 
up  the  study  of  the  languages  of  Northern  Europe,  as  a  result  of 
which  he  published  in  1838  "A  Compendious  Grammar  of  the 
Old-Northern  or  Icelandic  Ijanguage,  compiled  and  translated 
from  the  grammars  of  Eask."  This  book,  representing  "much 
original  work,  especially  in  the  sections  devoted  to  inflections  and 
in  the  treatment  of  the  syntax,"  was  printed  in  the  author's 
absence,  and  contained  so  many  typographical  errors  that  it  was 
never  placed  on  sale.  He  shortly  afterwards  delivered  an  ad- 
dress on  "The  Goths  in  New  England,"  which  excited  much 
attention;  and  it  was  in  this  connection  that  he  later  pointed  out, 
when  speaking  before  the  New  England  Society  of  New  York, 
that  our  forefathers  were  fortunately  harried  out  of  England 
before  their  "character  had  become  enervated  or  its  energies 
spent." 

In  1843  Marsh  was  elected  to  Congress  and  spent  the  following 
sev(»n  years,  a  period  of  great  political  excitement,  in  Washing- 
ton. A  number  of  his  speeches  attracted  notice.  In  1844  he 
spoke*  in  favor  of  a  protective  tariff,  being  doubtless  moved  thereto 
by  the  hope  of  developing  the  growth  and  manufacture  of  wool 
in  Vermont.  In  1845  he  made  a  strong  argument  against  the 
admission  of  Texas  as  a  slave  State,  and  at  that  early  time  said 
to  one  of  his  friends:  "Texas  means  civil  war  before  we  have 
done  with  it."  In  1848  he  ])rotested  against  the  continuation  of 
the  Mexican  War,  which  he  characterized  as  a  national  crime. 
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He  was  an  early  riser  and  hard  worker  during  these  political 
years  an(t  took  some  of  his  needed  rest  by  sleeping  in  the  House — 
as  did  J.  Q.  Adams  also — during  the  speeches  of  such  fellow- 
members  as  he  did  not  care  to  hear.  It  was  during  this  period 
that  he  addressed  the  Phi  Beta  Kappa  societies  at  Dartmouth  in 
1844  and  at  Harvard  in  1847. 

Several  life-long  friendships  were  developed  from  the  acquaint- 
ance made  in  Washington.  Among  those  with  whom  he  became 
most  intimate  was  Colonel,  afterwards  Sir  James  Estcourt, 
British  Boundarv  Commissioner,  who  with  Ladv  Estcourt  seems 
to  have  given  Marsh  and  his  wife  a  different  opinion  of  English 
people  from  that  which  they  had  previously  conceived  in  a  pro- 
vincial American  spirit.  WTiile  serving  on  a  committee  to  report 
a  bill  for  the  establishment  of  what  has  come  to  be  knoA^-n  as  the 
Smithsonian  Institution,  Marsh  met  a  number  of  the  scientific 
men  then  in  Washington,  and  of  these  Spencer  F.  Baird  became 
his  intimate  associate  and  correspondent.  The  letters  addressed 
by  Marsh  to  Estcourt  and  to  Baird  in  later  years  afford  a  pleasing 
insight  into  his  versatile  character.  The  letters  to  the  Estcourts, 
although  phrased  in  a  familiar  style,  seldom  depart  from  courte- 
ous formality.  The  letters  to  Baird  are  full  of  fun  and  nonsense, 
in  which  the  writer  seems  to  have  found  much  entertainment.  A 
New  Year's  greeting  in  1859  wished  Baird  "thousands  of  letters 
less  to  write.  'Tis  the  pestilentest,  most  soul-destro3ring  occupa- 
tion on  earth,  that  is,  when  you  have  anything  to  write  about. 
But  to  scribble  about  nothing,  as  we  used  to  do  before  we  came  to 
be  such  a  couple  of  sapless  dry  old  sticks  as  time,  trouble,  and 
Satan  have  made  us,  is  good.  It  prolongeth  life,  health  and 
vouth,  driveth  awav  blue  devils  and  red,  and  comforteth  the  in- 
ward  man  exceedingly."  Again :  "I  don't  know  where  I  shall  be, 
but  if  you  blow  a  tin  horn  about  once  in  half  an  hour  all  summer 
long,  I  shall  probably  come  within  hearing  of  it,  and  will  go  to 
you."  Some  of  these  letters  begin  "^ly  Dear  Boy;"  and  once, 
when  Baird  was  visiting  Sing  Sing,  a  letter  to  him  opened  with 
"Unfortunate.  Youth." 

In  1849  Marsh  was  appointed  Minister  to  Turkey,  where  no 
American  has  made  a  better  impression.  On  his  arrival  at 
Constantinople  it  is  stated  that  he  could  speak  "with  the  repre- 
sentatives of  France,  Germany,  Italy,  Sweden,  Denmark,  and 
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Norway  in  their  own  tongues :'  he  soon  learned  to  speak  Turkish 
also  and  made  some  progress  in  Arabic  and  Persian.  These  im- 
usual  linguistic  accomplishments  as  well  as  his  strong  personal 
character  gave  Marsh  a  marked  eminence  among  the  other  mem- 
bers of  the  diplomatic  circle,  although  his  diplomatic  rank  was 
below  that  of  every  other  European  minister,  from  however  small 
a  country.  In  1851  he  made  a  journey  up  the  Nile  as  far  as  the 
second  cataract,  collecting  specimens  for  Baird  on  the  way,  and 
then  undertook  a  long  trip  on  camels  from  Cairo  into  Palestine. 
In  1852  he  was  given  a  special  mission  to  Athens  in  behalf  of  an 
American  who  had  been  unjustly  treated  there;  he  thus  had  to 
study  out  a  great  body  of  legal  records,  largely  in  the  form  of 
modern  Greek  manuscript,  and  he  afterwards  said  that  in  no  part 
of  liis  life  had  his  labor  been  so  severe  as  in  those  hot  months. 
Fortunately  his  mission  was  successful.  The  change  in  adminis- 
tration at  Washington  in  1853  resulted  in  the  recall  of  this  valu- 
able public  servant,  and  after  a  return  journey  through  southern 
Europe  he  made  his  home  again  in  Burlington.  The  following 
jteriod  was  harassed  wath  business  difficulties,  for  his  affairs  had 
not  prospered  during  the  absence  in  Turkey.  Some  relief  came 
in  1857  when  he  was  appointed  railroad  commissioner  for  Ver- 
mont, but  full  relief  was  not  reached  until  1861,  when  after  long 
delayed  action  he  received  a  considerable  sum  of  money  from 
Congress  in  payment  of  his  claim  for  work  during  his  special 
mission  to  Athens,  ten  years  before.  Regarding  this  he  wrote: 
*'I  am  very  glad  to  learn  the  passage  of  my  bill.  The  amount  will 
just  about  pay  what  I  owe,  and  leave  me  penniless  and  con- 
tented.'' His  business  embarrassments  had  indeed  been  for  a 
rime  so  serious  that  they  caused  him  to  decline  with  much  regret 
the  offer  of  a  professorship  of  history  at  Harvard  College  in  1865 ; 
he  did  not  feel  that  he  could  turn  away  from  his  affairs  at  Bur- 
lington, where  his  creditors  had  left  everything  in  his  hands,  to 
l>e  made  the  most  of.  He  had,  however,  some  relaxation  from 
>)usiness  in  the  preparation  of  a  book  on  "The  Camel,  *  *  * 
with  reference  to  his  introduction  into  the  United  States''  (Bos- 
ton, 185G),  in  which  much  of  his  eastern  experience  was  re- 
called; and  he  seems  to  have  derived  great  satisfaction  in  de- 
livering in  1858  to  the  graduate  students  at  Columbia  College  a 
course  of  "Lectures  on  the  English  language"  (Xew  York,  1860; 
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revised  edition,  1885),  in  which  ^'lie  dwelt  much  on  the  value  of 
etymology,  and  especiaUy  on  the  importance  of  tracing  the  in- 
dividual history  of  words  in  their  actual  use,  from  their  first 
recognized  appearance  to  their  present  employment  or  their  final 
disappearance/^  During  the  winter  of  1860-'61  he  gave  before  the 
Lowell  Institute  in  Boston  a  series  of  lectures  on  "The  origin  and 
history  of  the  English  language  and  of  the  early  literature  that 
it  embodies"  (New  York,  1862 ;  revised  edition,  1885).  Both  of 
these  books  give  evidence  of  unusual  erudition  and  of  keen 
interpretation,  and  were  highly  valued  by  literar}'  students.  It 
was  during  the  visit  to  Boston  that  Marsh  wrote,  after  a  dinner 
with  the  "Atlantic"  Club :  "These  dinners  make  me  most  keenly 
sensible  of  what  I  have  lost  intellectuallv  bv  the  want  of  more 
frequent  opportunities  of  meeting  with  persons  of  high  culture." 
Eegarding  the  secession  of  the  Southern  States  from  the  Union, 
then  threatened.  Marsh  wrote :  "I  take  it  to  be  quite  certain  that 
the  Cotton  States  will  accept  no  terms  which  the  people  of  the 
North  can  or  ought  to  propose.  *  *  *  i  have  no  hope  of  a 
peaceable  adjustment  of  this  controversy.  *  *  *  I  do  not 
believe  that  a  division  of  the  Union  is  feasible.  The  States  are  a 
geographical  and  must  be  a  political  unit." 

Early  in  1861  Marsh  was  appointed  by  Lincoln  minister  to  the 
new  Kingdom  of  Italy ;  he  was  the  first  American  minister  to  the 
first  king.  This  important  position  was  held  at  Turin,  Florence, 
and  Rome,  with  great  acceptance  to  Italians  and  Americans  alike, 
for  twenty-one  years,  until  his  death,  in  1882 — a  length  of  con- 
tinuous foreign  service  as  minister  that  is  said  to  be  unparalleled 
in  our  diplomatic  service.  The  only  volume  of  his  "Life  and 
Letters"  that  has  been  published  unfortunately  closes  with  his 
departure  for  Italy,  and  it  is  therefore  difficult  to  obtain  adequate 
material  for  an  account  of  these  interesting  later  years,  during 
which  Marsh  greatly  increased  his  acquaintance  with  men  worth 
knowing,  accumulated  a  large  library  and  made  diligent  use  of  it, 
and  became  known  to  scientific  men  as  the  author  of  an  important 
geographical  work. 

Marsh  was  at  this  time  tall,  erect,  and  of  a  firm  step ;  of  grave 
manner  in  more  formal  relations,  but  always  simple  in  tastes,  a 
lover  of  intelligent  society  and  of  truthful,  unaffected  men;  he 
enjoyed  meeting  with  children,  who  returned  his  affection.    He 
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loveil  the  arts,  especially  jniisic,  and  he  delighted  in  outdoor  walks, 
above  all  among  the  mountains.  "He  could  hardly  be  called 
popular,  for  he  neither  flattered  nor  would  receive  flattery,  nor 
had  he  the  light  and  airy  arts  of  familiarity,  which  are  sometimes 
mistaken  for  sincere  goodwill.  Yet  he  drew  others  to  himself  in 
a  strong  personal  attachment.^'  To  his  intimate  friends  he  was  a 
genial  and  lovable  companion.  To  this  fine  end  he  reached  when 
death  came  peacefully  at  his  summer  residence  in  Vallombrosa 
on  July  23,  1882.  He  was  buried  in  the  Protestant  cemetery  at 
Rome  on  October  IT  of  that  year.  The  following  tribute  was 
written  at  that  time  bv  W.  J.  Stillman : 

"Those  of  us  who  have  lived  in  the  East,  especially  on  the 
basin  of  the  eastern  ^Lediterranean,  during  the  last  twenty  years, 
will  have  heard  more,  and  measured  better,  the  personality  of  the 
late  George  P.  Marsh  than  his  coimtrymen  at  home.  His  public 
services  are  matter  of  pul)lic  record.  Those  who  have  access  to 
his  dispatches  to  the  Department  of  State  can  tell  l>etter  than  I 
liow  he  constantly  studied  whatever  might  be  turned  to  the  ad- 
vantage of  his  country,  and  perhaps  may  read  between  the  lines 
what  he  never  made  ostentation  of,  his  love  for  it — an  ardent, 
never-faltering,  watchful  devotion  such  as  few  public  men  have 
ever  given  their  native  land  and  few  governments  have  acknowl- 
edged and  recompensed  as  ours.  An  Englishman,  Mr.  Marsh 
liad  been  a  peer,  and  long  ago  in  the  enjoyment  of  a  pensioned 
leisure  to  follow  up  the  studies  in  which  he  was  the  most  widely 
distinguished  American.  *  *  *  It  has  been  my  fortune  in  a 
varied  and  adventurous  life  to  make  the  acquaintance  of  many 
distinguished  men,  and  of  all  I  ever  knew  George  P.  Marsh  was 
the  noblest  combination,  me  judire,  of  the  noblest  qualities 
which  distinguish  man — inflexible  honesty,  public  and  private; 
tlie  most  intelligent  and  purest  patriotism ;  ideality  of  the  highest 
as  to  his  service  in  his  ofiicial  career ;  generosity  and  self-sacrifice 
in  liis  personal  relations;  quick  and  liberal  appreciation  of  all 
good  in  others,  and  the  most  singular  modesty  in  all  that  con- 
cerned himself;  unfaltering  adherence  to  truth  at  any  cost;  an 
adamantine  recognition  of  duty  which  knew  no  deflection  from 
personal  motive ;  and,  binding  the  whole  in  the  noblest  and  truest 
of  lives,  a  sincere  religious  temperament,  in  which  the  extreme  of 
liberalitv  to  others  was  united  to  the  profoundest  humilitv  as  to 
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himself.  *  *  *  I  knew  no  European  who  had  met  him  who 
had  not  a  higher  esteem  of  our  country  from  having  known  him. 
1  have  often  heard  European  men  of  letters  speak  of  him  as  a 
splendid  result  of  American  institutions,  which  perhaps  in  one 
sense  he  was.  *  *  *  He  loved  children,  the  Alps,  the  glaciers^ 
the  woods  and  fields  and  trees,  with  an  untiring  devotion,  and  the 
only  complaint  I  remember  his  making  of  his  own  losses  and  decay 
was  of  his  being  unable  to  climb  as  he  used  to  do."  (The  Nation, 
October  12,  1882.) 

It  was  during  his  absence  in  Italy  that  Marsh  was  elected  a 
member  of  the  National  Academy  in  1866,  and  assigned  to  the 
Section  of  Anthropolog}-  and  Philology.  There  is  no  record  of 
his  ever  having  presented  a  paper  at  any  of  our  sessions.  He  was 
also  a  member  of  the  American  Philosophical  Society  of  Phila- 
delphia, an  associate  fellow  of  the  American  Academy  of  Arts  and 
Sciences  of  Boston,  a  corresponding  member  of  the  American 
Geographical  Society  of  New  York,  a  foreign  member  of  the 
Reale  Accademia  dei  Lincei  of  Rome,  and  an  honorary  member 
of  the  -Societa  geografica  italiana.  His  large  and  rich  library 
was  after  his  death  bought  by  Mr.  Frederick  Billings  and  given 
to  the  University  of  Vermont,  at  Marsh's  old  home  in  Buriing- 
ton ;  his  collection  of  engravings  was  bought  by  the  Government 
and  is  presented  in  the  Congressional  Library. 

While  Marsh  was  in  Italy  he  finished  and  published  his  most 
noted  scientific  work,  "Man  and  Nature,  or  Physical  Geography 
as  Modified  by  Human  Action"  (New  York,  1865),  afterwards 
revised  as  "The  Earth  as  Modified  by  Human  Action,  a  new  edi- 
tion of  Man  and  Nature"  (New  York,  1874).  Letters  to  Baird 
show  that  the  book  was  begun  at  Burlington  in  1860.  The  first 
mention  of  it  is  the  following  brief  statement :  "I  began  another 
book  this  morning  and  wrote  11  pages.  I  won't  tell  you  what  the 
book  is  about,  because  you'll  call  me  names."  The  next  letter 
said:  "Well,  T  will  tell  you  about  the  book.  *  *  ♦  It's  a  little 
volume  showing  that  whereas  Bitter  and  Guyot  think  that  the 
earth  made  man,  man  in  fact  made  the  earth.  *  *  *  I  am  not 
going  into  the  scientifics,  but  into  the  historicals,  in  which  I  am 
as  good  as  any  of  you.  *  *  *  My  father  had  a  piece  of  thick 
woodland  where  the  ground  was  always  damp.  Well,  sir,  he 
cleared  up  that  lot,  and  drained  and  cultivated  it,  and  it  became  a 
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gocKi  deal  drier,  and  he  raised  good  com  and  grain  on  it.  Now, 
1  am  going  to  state  this  as  a  fact,  and  I  defy  all  you  speculators 
about  cause  and  effect  to  deny  it."  The  book  gained  great  popu- 
larity from  its  intrinsic  value  and  interest.  It  brought  together 
a  wealth  of  knowledge  on  geographical  and  liistorical  matters 
and  presented  them  in  a  most  attractive  way.  It  treated  de- 
batable problems,  such  as  the  influence  of  deforestation  on  rain- 
fall, with  much  l)etter  judgment  than  was  the  liabit  of  the  time, 
for  although  addressed  to  a  large  circle  of  readers  it  had  genuine 
scientific  spirit  and  thoroughness.  It  has  certainly  been  rarely 
the  case  that  a  man  who  advanced  a  subject  so  far  in  a  single 
book  should  leave  that  book  as  practically  his  only  work  of  the 
kind. 

In  reviewing  the  life  of  this  eminent  man,  who  studied  lan- 
guages while  he  practiced  law,  who  divided  his  time  l)etween  busi- 
ness and  politics,  who  wrote  books  and  delivered  lectures  on 
literary  subjects,  and  who  investigated  geographical  problems 
while  he  elevated  diplomacy,  one  cannot  fail  to  be  impressed  with 
the  breadth  of  his  interests  and  the  varietv  of  his  activities  and 
duties  on  the  one  hand,  and  on  the  other  hand  the  high  degree  of 
specialization  and  the  necessary  narrowing  of  interests  and  activ- 
ities which  has  characterized  the  general  membership  of  the 
National  Academv.  When  we  recall  that  the  Academv  was 
created  to  act  as  the  scientific  adviser  of  the  Government — to  ex- 
amine and  report  upon  any  subject  of  science  or  art — one  can 
hardly  fail  to  question  whether  advice  on  the  treatment  of  na- 
tional scientific  pmblems  can  be  as  well  given  by  intensive  special- 
ists of  the  modern  school  as  by  men  of  a  wider  experience,  of 
whom  Marsh  was  so  admirable  an  example. 
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Bear  Admiral  Johx  Rodgers  was  one  of  the  original  members 
of  the  National  Academy  of  Sciences.  At  the  time  of  the 
organization  of  the  Academy  he  was  fifty-one  years  old  and  had 
acquired  a  reputation  as  a  navigator,  explorer,  and  surveyor. 

John  Rodgers  was  bom  August  8,  1812,  at  his  mother's  home, 
Sion  Hill,  near  Havre  de  Grace,  Maryland.  He  came  from  a 
family  that  had  distinguished  itself  in  our  wars  for  independence. 
This  family  sent  forth  soldiers  and  sailors  to  serve  our  country 
in  times  of  need,  and  it  is  well  to  recall  some  of  its^histor}^  in 
order  to  see  the  stuff  of  which  our  forefathers  were  made. 

The  immigrant,  John  Rodgers,  came  from  Glasgow,  Scotland, 
about  1750,  and  settled  in  Harford  County,  Maryland,  where  he 
became  the  owner  of  a  large  farm.  His  wife  was  Eliza  Reynolds, 
of  Delaware.  This  John  Rodgers  served  in  the  Revolutionary 
War  and  was  colonel  of  a  regiment  in  the  Mary^land  line.  He 
was  a  highly  esteemed  citizen  of  Harford  County.  In  the  family 
of  the  immigrant  there  were  eight  children,  all  of  them  remark- 
able for  physical  strength  and  good  looks.  The  oldest  son,  the 
second  John  Rodgers,  ran  away  to  sea,  entered  the  navy,  and  wafi 
distinguished  in  the  War  of  1812.  He  became  the  senior  oflBcer 
of  the  navy,  and  died  in  1837.  A  younger  brother,  George 
Rodgers,  also  entered  the  navf'  and  died  a  commodore. 

The  wife  of  the  second  John  Rodgers  was  Minerva  Denison, 
of  Havre  de  Grace.  Her  father,  Gideon  Denison,  came  from 
Connecticut,  where  he  was  noted  as  an  Indian  fighter.  Denison 
was  a  land  speculator  and  bought  a  large  tract  of  land  near  the 
mouth  of  the  Susquehanna  River,  where  it  was  thought  the 
capitol  of  the  country  would  be  located.  This  estate  included 
Sion  Hill,  five  miles  from  Havre  de  Grace,  which  became  the 
home  of  the  Rodgers  family. 

John  Rodgers  and  his  wife  Minerva  had  eleven  children,  of 
whom  ten  grew  up.  Rear  Admiral  John  Rodgers  was  the  fourth 
child.  The  oldest  brother,  Robert  Rodgers,  served  in  the  Civil 
War  as  colonel  of  a  Maryland  regiment.     Two  other  brothers, 

83 


NATIONAL  ACADEMY  OF  SCIENCES. 

Frederick  and  Henn'  lost  their  lives  in  the  naval  service.  The 
youngest  and  only  surviving  brotlier,  Augustus  F.  Rodgers,  is  the 
head  of  the  U.  S.  Coast  Survey  in  California. 

In  November,  1857,  Rear  Admiral  John  Rodgers  married 
Ann  Elizabeth  Hodge,  daughter  of  William  Ledyard  Hodge,  of 
Philadelphia,  and  granddaughter  of  Andrew  Bayard,  of  that  city. 
This  marriage  was  a  liappy  one.  Three  children  were  bom — a 
son,  now  Commander  William  I^dyard  Rodgers,  U.  S.  Navy,  and 
two  daughters,  Frederiea,  now  Mrs.  Robert  Giles,  and  Miss 
Helen  Rodgers. 

John  Rodgers  entered  the  navy  as  a  midshipman  in  1828, 
wlien  in  his  sixteenth  vear.    He  sened  three  and  a  half  vears  at 

•'  ft 

sea,  in  the  Mediterranean  and  on  home  stations.  After  a  short 
rest  from  sea  duty  he  entered  the  Naval  School  at  Norfolk, 
Virginia,  where  he  s])ent  a  year.  He  then  entered  the  University 
of  Virginia  for  more  general  study,  and  spent  a  year  in  that 
university.  He  was  then  ordered  to  sea,  and  was  employed  three 
vears  on  the  South  American  station. 

ft 

From  1839  to  1842  Rodgers  was  engaged  in  the  survey  of  the 
coast  of  Florida  and  in  fighting  the  Seminole  Indians.  His 
robust  constitution  carried  him  through  this  tedious  work  with- 
out loss  of  health.  After  a  short  period  of  duty  on  shore, 
Rodgers  served  tliree  years  in  the  Mediterranean  and  on  the  coast 
of  Africa. 

In  1849  he  was  again  ordered  to  duty  on  the  Coast  Survey,  - 
and  returned  to  the  coast  of  Florida.  There  his  vessel  was  * 
wrecked  and  badly  damaged,  but  by  persevering  work  in  beaching 
and  caulking,  the  vessel  was  brought  into  Key  West,  a  distance 
of  over  300  miles.  It  was  while  lying  at  Key  West  in  command 
of  a  small  schooner  of  one  gun,  the  Petrel,  that  Rodgers  pre- 
vented the  capture  of  the  Cuban  insurgent,  Ijopez,  who  was 
pursued  by  the  Pizarro,  a  Spanish  sloop-of-war. 

The  surveys  and  charts  of  the  coast  of  Florida  have  been  of 
great  service. 

In  1852  Rodgers  was  ordered  to  duty  on  the  North  Pacific 
Exploring  and  Suneying  Expedition,  and  was  placed  in  com- 
mand of  the  steamer  Jolm  HanrocJc.  The  squadron,  in  com- 
mand of  Commander  Ringgold,  left  Hampton  Roads  in  June, 
1853,  for  the  Indian  Ocean.     Several  months  were  occupied  in 
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surveying  some  of  the  islands  southeast  of  Asia,  the  squadron 
arriving  at  Hongkong  in  May,  1854.     Here  Commander  Ring- 
gold was  obliged  to  give  up  the  command,  on  account  of  ill  health, 
.  and  Rodgers  succeeded  him. 

The  squadron  proceeded  to  the  survey  of  the  Bonin  Islands, 
south  of  Japan,  and  afterwards  to  the  coast  of  Japan.  In  cross- 
ing the  China  Sea  a  vessel  of  the  squadron,  the  Porpoise,  with  all 
hands,  was  lost  in  a  typhoon.  Search  was  made  for  the  missing 
vessel,  but  nothing  could  be  found. 

It  was  in  the  Vincennes,  under  the  command  of  Rodgers,  that 
Lieutenant  John  M.  Brooke  first  applied  his  apparatus  for  deei>- 
sea  sounding,  from  which  such  valuable  results  were  obtained. 

At  the  end  of  June  the  squadron  sailed  northward  to  Kam- 
chatka and  made  a  survev  of  the  Sea  of  Okhotsk.  At  Glasse- 
nappe,  an  Indian  village,  65°  north,  172°  35'  west,  a  house  was 
built,  and  Lieutenant  Brooke  and  party  were  left  on  shore  to 
make  observations  and  exploration.  The  Vincennes  then  went 
northward  through  Bering  Strait.  It  was  Rodgers'  intenticm  to 
verify  the  discovery  of  land  in  72°  north  and  175°  west,  reported 
by  natives  and  former  explorers,  and  which  had  been  placed  on 
the  sea  charts.  The  ship  went  to  72°  5'  north  and  174°  37'  west, 
which  was  farther  than  any  previous  explorer  had  reached.  No 
land  could  be  seen  from  the  "yards  of  the  ship  and  the  water  was 
clear  of  ice.  Rodgers  returned  to  Herald  Island  and  exploring 
parties  were  landed.  The  position  of  the  southeast  point  of  the 
island  was  found  to  be  71°  21'  north  and  175°  20'  west.  No  land 
could  be  seen  from  this  island  with  a  clear  horizon.  The  ice 
pack  appeared  the  next  day  and  the  party  was  compelled  to  turn 
back  without  having  seen  Wrangel  Land,  though  within  ten  miles 
of  its  supposed  position.  A  week  was  spent  in  surveys  about 
Bering  Strait,  and  on  the  6tli  of  September  Glassenappe  was 
reached.  Lieutenant  Brooke  and  his  party  were  taken  on  board, 
and  the  Vincennes  proceeded  to  San  Francisco,  where  she  arrived 
October  13,  1855. 

After  a  short  rest  the  Vincennes  put  to  sea  for  surveying  and 
deep-sea  explorations.  The  month  of  March  was  employed  in 
surveying  the  harbor  of  Hilo,  in  the  Sandwich  Islands,  and  the 
adjacent  coast.  The  month  of  April  was  spent  in  t}\e  Society 
Islands,  in  surveying  the  harbor  of  Papiete,  in  the  island  Tahiti. 
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On  the  29th  of  April  Rodgers  started  for  home  around  Cape 
Horn.  After  a  voyage  of  sevent}'-four  days,  during  which  no  land 
was  seen,  the  vessel  reached  Xew  York,  July  12,  1856.  During 
his  absence  Bodgers  had  been  commissioned  a  Commander. 

On  August  30  Commander  Eodgers  was  ordered  to  duty  in 
Washington  to  superintend  the  reduction  of  his  o])servation8.  His 
surveys  in  the  North  Pacific  made  an  epoch  in  our  knowledge  of 
tliose  regions.  Xearly  forty  sea  cliarts  were  based  on  these  sur- 
veys, which  have  been  very  useful  to  navigators. 

The  Exploring  Expedition  was  provided  with  a  naturalist,  a 
botanist,  an  artist,  and  a  draughtsman,  and  instructions  and 
suggestions  were  given  by  scientific  men  and  societies.  A  good 
deal  of  information  of  the  fauna  and  flora  of  tlio  regions  trav- 
ersed was  obtained,  but  the  reports  were  never  published. 

The  cruise  in  tlie  Arctic  Ocean  at  the  middle  of  August,  in  a 
sailing  vessel,  in  unknown  seas,  and  amid  fogs,  was  a  daring 
exploit. 

At  the  outbreak  of  the  Civil  War  Hodgers  was  sent  to  Cincin- 
nati to  prepare  a  gimboat  fleet  to  operate  in  the  western  rivers. 
In  conjunction  with  General  McClellan,  three  steamers  were 
bought,  altered,  and  armed.  Commodore  Foote  took  command 
of  the  fleet,  and  on  October  17,  1861,  Rodgers  was  ordered  to 
command  the  steamer  Flag  on  our  southern  coast.  To  join  his 
command  he  sailed  as  a  passenger  in  the  Wabash,  Admiral  Du- 
pont's  flagship,  in  the  expedition  against  Port  Royal.  In  the 
battle  of  November  7  Rodgers  volunteered  to  act  on  the  staff  of 
the  commander-in-chief.  Of  his  services  in  that  engagement 
Admiral  Dupont  says: 

''It  would  be  difficult  for  me  to  enumerate  the  duties  he  per- 
formed, they  were  so  numerous  and  various;  and  he  brought  to 
them  all  an  invincible  energ}*  and  the  highest  order  of  profes- 
sional knowledge  and  merit.  I  was  glad  to  show  my  apprecia- 
tion of  his  great  service  by  allowing  him  the  honor  to  hoist  the 
first  American  flag  on  the  rebellious  soil  of  South  Carolina." 

In  command  of  the  steamer  Flag  and  some  gunboats,  Rodgers 
was  employed  in  surveying  the  channels  at  the  mouth  of  the 
Savannah  River,  and  in  removing  torpedoes  and  obstructions,  in 
cooperation  with  tlie  land  forces.  In  March  he  was  recalled,  and 
in  April  was  a])])ointed  to  comma ud  the  Unkna.  one  of  the  new 
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ironclads.  In  May,  with  the  Galena,  the  Monitor,  and  three 
wooden  vessels,  he  was  sent  up  the  James  River  to  open  a  pas- 
sage to  Richmond.  At  Drury's  Bluff  barriers  had  been  placed 
across  the  river,  which  were  protected  by  Fort  Darling  and 
fortifications  on  the  banks.  With  the  Galena  and  the  Monitor 
Rodgers  engaged  the  batteries,  and  the  firing  lasted  three  hours^ 
or  as  long  as  the  ammunition  held  out.  The  fire  from  the  fort 
was  very  severe  and  well  directed,  and  the  passage  could  not  be 
carried  without  the  aid  of  land  forces.  The  Galena  proved  not  to 
be  shot-proof;  thirteen  shot  and  shell  penetrated  her  side,  and 
many  men  were  killed  by  splinters  of  her  own  iron. 

Rodgers  was  promoted  Captain  in  July,  1862,  and  in  Novem- 
ber was  ordered  to  take  command  of  the  Weehawken,  one  of  the 
new  monitors.  On  her  first  cruise  out  of  New  York  the  Wee- 
JiawJcen  encountered  a  severe  gale,  and  doubts  were  entertained 
of  her  ability  to  keep  the  sea.  But  Rodgers  refused  to  put  into 
a  refuge  near  at  hand,  saying  that  he  was  there  to  test  the  sea- 
going qualities  of  the  new  class  of  vessels. 

In  the  attack  on  Fort  Sumter,  April  7,  1863,  Rodgers,  in  the 
Weehawken,  was  selected  by  Admiral  l)upont  to  head  the  line. 
This  vessel  remained  under  the  fire  of  the  batteries  two  hours,, 
when  the  signal  was  given  to  withdraw  from  action.  The  Wee- 
hawken was  struck  fifty-three  times  and  many  of  the  vessels  were 
disabled. 

On  the  17th  of  June  following  the  engagement  occurred  be- 
tween the  Weehawken  and  the  Atlanta  near  the  mouth  of  the 
Savannah  River.  The  Atlanta  was  formerly  an  English  steamer,^ 
and  had  been  covered  with  four  inches  of  armor  and  armed  with 
two  six-inch  and  two  seven-inch  rifles.  The  Weehawken  fired  five 
shots,  four  of  which  struck  the  Atlanta.  The  first  shot  that 
Btmck  the  Atlanta  put  more  than  forty  of  her  men  out  of  the 
fight.  The  loss  of  men  and  the  injury  on  the  Atlanta  were  so 
great  that  she  surrendered.  For  this  victory  and  for  his  conduct 
in  the  war  Secretary  Welles  recommended  that  Rodgers  be  pro- 
moted to  the  rank  of  commodore,  and  that  he  be  given  the 
thanks  of  Congress.    In  his  letter  the  Secretary  said : 

'TTour  early  connection  with  the  Mississippi  flotilla,  and  your 
participation  in  the  projection  and  construction  of  the  first  iron- 
clads on  the  western  waters;  your  heroic  conduct  in  the  attack 
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on  Drury^s  Bluff ;  the  high  moral  courage  that  led  you  to  put  to 
sea  in  the  Weehawken  upon  the  approach  of  a  violent  storm^  in 
order  to  test  tlie  sea-going  qualities  of  these  new  craft,  at  the  time 
when  a  safe  anchorage  was  close  under  your  lee;  the  brave  and 
daring  manner  in  which  \'ou,  with  your  associates,  pressed  the 
ironclads  under  the  concentrated  fire  of  tlie  batteries  in  Charles- 
ton harbor,  and  there  tested  and  proved  tlic  endurance  and  resist- 
ing power  of  these  vessels ;  and  your  crowning  successful  achieve- 
ment in  the  capture  of  the  FingaL  alias  Atlanta,  are  all  proofs  of 
a  skill  and  courage  and  devotion  to  the  countrj'  and  the  cause  of 
the  Union,  regardless  of  self,  that  cannot  be  permitted  to  pass 
unrewarded.  To  your  heroic  daring  and  [)ersistent  moral  courage, 
bevond  that  of  any  otlier  individual,  is  the  countrv  indebted  for 
tlie  development,  under  trying  and  varied  circumstances  on  the 
ocean,  under  enormous  batteries  on  land,  and  in  successful 
rencontre  with  a  formidable  floating  antagonist,  of  the  capabili- 
ties and  qualities  of  attack  and  resistance  of  the  Monitor  class  of 
vessels  and  their  heaw  armament.  For  these  heroic  and  service- 
able  acts  I  have  presented  your  name  to  the  President,  requesting 
him  to  recommend  that  Congress  give  you  a  vote  of  thanks,  in 
order  that  you  may  be  advanced  to  the  grade  of  Commodore  in 
the  American  Xavv." 

In  the  fall  of  1863  Rodgers  suffered  a  few  months  of  illness, 
but  in  Xovember  he  was  in  command  of  the  Dictator. 

At  the  close  of  the  C^ivil  War  Rodgers  was  placed  in  command 
of  the  squadron  to  which  the  Monadnock  was  attached  in  her 
experimental  voyage  to  San  Framnsco.  On  arriving  at  Valparaiso 
it  was  found  that  hostilities  were  in  progress  between  Spain  and 
the  South  American  rej)iiblics.  The  city  was  threatened  with  a 
hombardment  by  the  Spanish  admiral,  and  Rodgers  took  a  cau- 
tious but  firm  part  in  protecting  American  interests.  Of  his  con- 
duct Secretarv  Welles  said : 

"The  department  had  taken  measures  for  reinforcing  our 
s(|uadron  in  the  Pacific  hy  sending  thither  a  special  force,  con- 
sisting of  the  turreted  ironclad  Monaibiork  and  the  steamers 
Vajuierhilt,  Tuscarorn  and  Poichatan.  under  the  command  of 
Ccnumodore  John  Rodgers.  This  ofticer  n^aclu'd  A'al])arai80 
]>revious  to  the  bombardment  of  that  city  aii<l,  apprehending  the 
vi<*ws  of  the  department,  remained  on  the  station  for  the  j)ro- 
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tection  of  our  cmmtryinen  until  the  arrival  of  Kear  Admiral 
Pearson.  The  appearance  of  so  distinguished  a  commander, 
with  a  formidable  squadron,  on  the  eve  of  so  important  an  oc* 
casion,  and  in  the  absence  of  Rear  Admiral  Pearson,  was  oppor- 
tune and  fortunate. 

The  course  pursued  by  Commodore  Rodgers  in  protecting 
American  interests,  in  observing  and  preserving  neutrality  in  the 
harbor,  met  with  approval.  Whatever  may  have  been  his  opinions 
or  feelings  as  regards  the  course  which  the  Spanish  admiral 
thought  pro{)er  to  pursue,  he  was  not  required  to  interpose  his 
force  against  or  for  either  party.  As  the  armed  representative 
of  this  government,  which  was  on  friendly  terms  with  each  of  the 
belligerents,  it  became  his  duty,  even  while  endeavoring  to 
mitigate  the  harsh  severities  of  war,  to  maintain  a  stjict  neii* 
trality.  His  friendly  offices  in  the  cause  of  humanity  were  mani- 
fested so  long  as  they  could  be  effective ;  but  the  officers  of  other 
neutral  powers  having  declined  to  unite  in  any  decided  steps  to 
protect  the  city,  no  alternative  remained  for  him  to  pursue,  con- 
sistently with  the  position  of  his  government  towards  the  parties, 
than  that  which  he  adopted." 

Secretary  Folger  says:  • 

**But  the  tact  with  which  he  maintained  amicable  and  even 
friendly  relations  with  Chilians,  Spanish,  English,  and  French, 
at  the  same  time  the  firmness  and  persistence  with  which  he 
presented  the  requirements  of  humanity  enforced  by  the  text  of 
international  law;  the  calm  courage  with  which  he  approached 
the  very  verge  of  an  appeal  to  arms,  and  the  prudence  with  which 
he  kept  within  the  requirements  of  neutrality,  remain  yet  to  be 
fully  written ;  but  enough  of  his  methods  have  become  known  to 
add  to  his  previous  reputation,  that  of  being  an  able  negotiator 
and  diplomatist.  His  efforts  for  the  protection  of  American  in- 
terests on  this  occasion,  while  observing  and  preserving  neu- 
trality in  the  harbor,  met  with  the  hearty  approval  of  his  govern- 
ment." 

From  1866  to  1869  Hodgers  was  in  command  of  the  Boston 
Navy  Yard. 

In  December,  1869,  he  was  made  rear  admiral. 

Earlv  in  1870  he  was  ordered  to  the  command  of  the  Asiatic 
squadron.  It  had  been  decdded  that  a  treaty  should  be  made 
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witli  Corea,  if  possible,  which  should  prevent  the  outrage  of 
American  seamen  shipwrecked  on  that  coast.  Admiral  Eodgers 
went  to  Corea  in  the  spring  of  1871  with  a  squadron  of  five 
sliips  and  with  Mr.  IjOw,  our  minister  to  China.  The  Coreans 
wore  treacherous,  and  fired  on  our  boats  from  their  forts.  A 
force  was  landed  and  the  five  forts  were  taken  and  destroyed. 

On  his  return  in  18T2  Rodgers  was  appointed  President  of  the 
Naval  Examining  and  Retiring  Board.  Tn  June,  1873,  he  was 
appointed  to  command  the  Navy  Yard  at  Mare  Island,  where  he 
remained  four  years,  when  he  was  appointed  Superintendent  of 
th(?  Naval  Observatory.  The  Naval  Observatory  was  built  on 
Camp  Hill,  near  the  Potomac  River,  in  1844.  It  was  an  unfor- 
tunate site  for  an  astronomical  observaton'  on  account  of  the 
malaria  that  prevailed  there  and  which  attacked  those  who  per- 
formed duty  at  night.  After  a  use  of  thirty  years  the  buildings 
and  grounds  were  in  need  of  repair.  At  first  Admiral  Rodgers 
had  plans  and  estimates  made  for  a  complete  renovation  of  the 
l)uildinga  and  grounds.  The  estimated  cost  was  so  great  that  it 
was  thought  best  to  seek  a  new  site  and  build  a  new  observatory 
in  a  better  location.  After  a  thorough  examination  of  the 
country  around  Washington,  in  which  Admiral  Rodgers  took  an 
active  part,  the  Barl)er  place  of  70  acres,  on  Georgetown  Heights, 
was  chosen,  and  bought  in  1880. 

Admiral  Rodgers  urged  the  immediate  building  of  the  new 
ol)servator}',  and  a  board  was  appointed  to  consider  the  advisabil- 
ity of  doing  so.  This  board  consisted  of  President  Barnard,  of 
Columbia  Universitv,  chairman,  and  six  associates  of  the  Acad- 
»Mny.  Some  of  the  scientific  men  in  Washington  opposed  the 
(luuige.  They  said  the  old  site  was  healthful,  and  that  it  was  a 
mistake  to  move  out  of  the  citv.  The  board  called  for  informa- 
lion  on  this  question  froju  medical  men,  and  the  report  of  Dr. 
fUAui  S.  Billings  settled  the  matter.  Tiie  board  recommended 
the  building  of  a  new  observatory.  Tiie  building  was  begun 
under  SetTCtary  Whitney,  by  Captain  Phythian,  in  1888,  and 
was  finished  in  ISIK].  Richard  M.  Hunt,  of  New  York,  was 
I  lie  architect.  After  a  delay  of  eight  years,  the  plans  of  Admiral 
I  lodgers  were  thus  brought  to  Cfompletion,  though  he  was  no 
longer  living. 
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An  important  work  of  Admiral  Rodgers  in  connection  with 
the  Xaval  Observatory  should  be  mentioned.  The  library  of  the 
obseryatory  needed  enriching  with  rare  books.  He  obtained  from 
Congress  an  appropriation  of  $1,000  a  year,  and  this  has  made 
the  library  one  of  the  best  astronomical  and  mathematical  libra- 
ries  in  the  country. 

As  Admiral  Rodgers  grew  old  his  reputation  and  ability 
brought  him  many  duties.  These  he  performed  faithfully,  and 
his  great  physical  strength  enabled  him  to  do  a  great  amount  of 
work.  Probably  he  undertook  too  much.  Besides  ]K?ing  Super- 
intendent of  the  Xayal  Obseryatorv,  he  was  Presii^ent  of  the 
Transit  of  Venus  Commission,  of  the  Xayal  Advisory  Board,  of 
the  Jeanette  Relief  Board,  and  chairman  of  the  T^iglit-house 
Board.  Secretary  Folger,  of  the  Treasury  Department,  says  of 
his  services  on  the  Light-house  Board: 

**The  l)oard  has  received  valuable  aid  from  his  sage  advice  and 
his  constant  counsel!  Notwithstanding  his  great  age  and  conse- 
quent infirmities,  and  pressure  of  his  many  duties,  the  Admiral 
has  visited  many  light-stations,  and  has  personally  superintended 
and  taken  part  in  numerous  experiments,  many  in  acoustics  and 
optics,  conducted  on  the  sea  or  in  the  laboratory,  and  has  so 
impressed  his  individuality  on  the  service  that  his  name  will 
live  with  it,  and  add  lustep  to  his  repute  in  the  future.'' 

The  Admiral  was  taken  ill  in  the  winter  of  1881-'82,  and  the 
disease  soon  assumed  a  fatal  character.  He  was  removed  to  the 
Barber  house,  on  the  site  of  the  niew  observaton'.  and  died  there 
May  5,  1882,  at  the  age  of  seventy  years. 

I  am  indel)ted  to  the  memoir  of  Professor  J.  Russell  Soley, 
U.  S.  N.,  for  the  outline  of  the  professional  services  of  Admiral 
Rodgers. 

It  was  my  good  fortune  to  become  acquainted  with  Admiral 
Rodgers  in  1877,  when  ho  became  Superintendent  of  the  Xaval 
Observatory.  Mv  first  contact  with  him  was  rude.  He  came 
near  taking  off  my  official  head,  I)ecause  of  a  complaint  ])resented 
to  him  that  I  had  not  done  mv  duty.  He  was  a  man  of  action, 
but  he  said,  "We  will  wait  a  day  or  two,"  and  in  this  time  the 
accusation  proved  to  be  false.  This  led  to  a  more  intimate  ac- 
quaintance. I  found  the  Admiral  one  of  the  grandest  meu  I 
have  ever  known.    His  character  was  open,  frank,  and  noble.    He 
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went  straight  forward  in  the  patli  of  duty  perfectly  fearless.  He 
was  ready  to  hear  opposing  argument  \*dth  patience — in  fact^ 
rather  liked  it — and  made  up  his  mind  fairly. 

During  the  Admiral's  tifty-four  years  of  service,  there  is  a 
record  of  only  a  few  months  of  illness,  and  very  little  time  was 
taken  for  rest  and  recuperation.  Here  was  a  genial,  happy  life, 
filled  with  the  performance  of  duty. 

After  the  storms  and  dangers  of  exploration  and  war,  the 
Admiral  passed  away  peacefully. 

March  15,  1906. 
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FATRMAN    RODGERS. 

"A  choicer  spirit  has  seldom  visited  this  earth.  To  a  keen 
intellect  were  united  clearness  of  exposition  and  a  retentive  mem- 
ory. Warm  and  loyal  in  his  friendships,  he  never  cherished  an 
ill  feeling,  for  no  one  ever  did  liim  an  unkindncss.  On  many 
an  institution  of  his  native  city  an  ineffaceable  impression  has 
been  left  of  his  judicious  devotion;  of  unstinted  hospitality  and 
the  most  considerate  and  attentive  of  hosts;  of  such  exquisite 
url)anity  that  although  emphatic  and  inflexible  in  his  mature 
convictions,  he  was  never  known  to  give  offense  in  expressing 
them ;  of  high  veracity  and  a  delicate  sense  of  honor,  and  of  such 
imperturbable  serenity  that  it  may  be  said  with  absolute  truth 
that  a  harsh  or  hasty  word  never  fell  from  his  lips. 

"Possibly  it  may  be  thought  by  those  who  did  not  know  him 
face  to  face  that  in  what  has  just  been  said  there  is  too  much  of 
the  ^personal  equation.'  Be  it  so.  We  were  children  together, 
boys  together,  men  together,  brothers  in  love  and  in  law.  I  can 
but  sav  what  I  believe.^* 

BIBLIOGRAPHY  OF  FAIRMAN  ROGERS. 

Construction  of  Roads  and  Bridges  (18C1). 

Ilorsemauflbip,  etc.    IT.  S.  Service  Magazine  (1864). 

Combinations  of  Meclinnism  Representing  Mental  Processes  (1874). 

Notes  on  Grant's  Difference  Engine  (1874). 

Terrestrial  Magnetism  and  the  Magnetism  of  Iron  Ships  (1st  edition, 

1877;  2d  edition,  1883). 
Manual  of  Coaching  (1000). 
Numerous  minor  contributions  to  various  perio<licals. 
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BIOGKAPHICAL  MKMOIR  OF  WILLIAM  A.  ROGERS.* 


During  tlie  years  in  which  Professor  Rogers  was  couiieeted  with 
AUhmI  rniversity  liis  duties  as  a  teaclier  and  the  limitations  of 
his  instnnuental  resources  prevented  him  from  making  extensive 
astronomical  investigations.  So  far  as  circumstances  permitted, 
however,  he  made  himself  an  activtj  astronomer.  He  frequently 
computed  the  orbits  of  asteroids  and  made  an  interesting  series 
of  observations,  necessarily  attended  by  much  |)ersonal  discom- 
fort, on  the  possible  variations  of  personal  etjuation  resulting 
from  fatigue  or  hunger.  During  the  time  which  he  passed  at 
Harvard  College  ()l)servatory  cm  leave  of  absence  from  Alfred 
I'niversitv  he  made  a  <letermination  of  the  latitude  of  the  ob- 
servatory  with  a  transit  instrument  in  the  prime  vertical. 

On  returning  to  Harvard  College  Observatory  as  an  assistant, 
in  18^0,  he  was  assigned  to  duty  with  the  new  meridian  circle  as 
soon  as  that  instru?uent  was  mounted,  and  shortly  afterwards  he 
took  exclusive  charge  of  it,  which  continued  until  his  removal  to 
Colbv  ('nivorsitv,  in  18S(J.  IJis  work  with  this  instrument  in- 
eluded,  first,  the  observation  of  8,(>'3T  stars  between  the  parallels 
of  declination  (for  1855)  at  41)°  50'  and  55*^  10';  secondly, 
numerous  observations  of  otlier,  and  gimerally  brighter,  stars, 
undertaken  in  connection  with  the  zone  observations  just  men- 
tioned :  and,  thirdlv,  tlie  observation,  duriuir  the  vears  18TJ)  to 
188;>,  inclusive,  of  a  special  list  of  stars  the  right  ascensions  and 
declinations  of  which  were  to  be  determined  independently  of  all 
|>revious  observations.  This  re(|uired  the  very  fre(|uent  observa- 
lion  of  transits  of  the  Sun  and  of  Polaris. 

The  first  of  these  three  kinds  of  work  was  undertaken  as  a  part 

of  a  comprehensive  scheme  formed  by  the  Astronomische  ({esell- 

schaft  for  the  accurate  observation  of  the  ])laces  of  all  stars  not 

fainter  than  the  ninth  magnitude.     Its  n^sults  are  |)ublished  in 

tln^  Annals  of  the  Observatorv  of  Harvard  C'oUeire,  the  fifteenth 
•  •  • 

♦  Part  I  Biographical  Memoir  of  William  A.  Holers,  by  Kdwaril  W. 
Morloy.  may  be  found  in  volume  iv,  pages  185-1J>0. 
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voliiiiKi  of  wliidi  comprises  a  catalogue  of  1,213  stars,  iiicliuliiig 
those  used  as  fundamental  in  the  zone  observations,  while  the 
second  part  of  the  same  volume  is  occupied  with  the  catalogue 
of  the  8,627  stars  of  the  zone  itself.  Volume  xvi  of  the  same 
series  contains  the  separate  observations  of  the  stars  used  as 
fundamental  and  others  observed  in  connection  with  them,  partial 
publication  of  which  had  previously  been  made  in  volumes  x  and 
XII.  Volume  xxv  contains  the  comparison  of  the  separate  ob- 
servations of  the  zone  stars  with  each  other,  and  of  their  mean 
results  with  those  previously  obtained  elsewhere.  Finally,  vol- 
umes XXXV  and  xxxvi  contain  the  journals  of  the  zone  observa- 
tions. 

Professor  Kogers  lived  to  see  the  completion  of  all  these  vol- 
umes, the  preparation  of  which  remained  under  his  charge  after 
liis  removal  to  Colbv  ITniversitv.  I'hev  comprise  the  results  of 
the  first  two  classes  of  work  which  he  carried  on  with  the 
meridian  circle.  The  work  of  the  third  class,  that  relating  to 
the  independent  determinaticms  of  right  ascension  and  declina- 
tion, was  only  partially  ])repared  for  publication  at  the  time  of 
liis  death.  Its  reduction  is  still  in  progress.  The  work  itself 
demanded  extraordinary  exertion  (m  his  ])art,  as  it  required  ob- 
servations to  be  made  at  irregular  and  constantlv  varvinir  times, 
whieli  might  occur  at  any  hour  of  tiie  day  or  night. 

Besides  the  larger  ])ublications  above  miMitioned,  Professor 
Kogers  fre<|uently  furnished  the  results  attained  from  time  to 
time  in  the  progress  of  his  work  for  publication  in  the  astronom- 
ical periodicals  and  the  proceedings  of  learned  societies.  As 
minor  investigations  of  an  astiVmomical  nature*  which  he  under- 
took may  I)e  mentioned  determinations  of  <lilTerencvs  of  h>ngilii<le 
hctwi'en  Harvard  Cnllegc  Ohservalory  and  other  phices,  ami  oh- 
MTvations  for  jjersonal  eipiatinn  in  the  use  of  the  meridian  cirile 
and  (»f  Mr.  (Miandler's  instrument  called  the  almucanlar  and 
descrilMMl  in  volume  xvii  of  the  Annals  of  the  Observatorv. 
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UlHLIOCiUArilY  OF   WILLIAM  A.   KOCnOKS. 

rKKPAUKI)    U\     i;i»\VAUI)     W.     MORLKY. 

\ew    Kloiiieiits    ;nul  Ei»lHMm»ris   of    K<ho(«MM.    Astr.  Nnclir..  57.  J.'m 

150  [1S(;2|. 
Now  lOh'iiHMits  of  Lur.viioiiie   <Tin.     Astr.  Xa<-lir.,  62,   15-1(»   [1S<*»4|. 
KU'iiuMits  of  Kclio  HMM  fnmi  tliriH'  Oppositions.    Asti*.  Xaclir.,  62,  lUV.)- 
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The  following  volumes  of  the  Annals  of  Harvard  College 
Observatory  were  prepared  by  Professor  Rogers : 

Vol.  X.  Observations  made  with  the  Meridian  Circle,  1871-1872. 
(2:jd  pp.) 

Vol.  XV.  Catulof^iie  of  1,213  Stars  observed  at  the  Astronomical  Ob- 
servatory of  Harvard  College,  with  the  Meridian  Circle,  during 
the  Years  1870  to  1875).     (174  pp.) 

Vol.  XVI.  Observations  of  Fundamental  Stars  made  with  Meridian 
Circle,  187()-188«.     (337  pp.) 

Vol.  XXV,  Part  i.  Discussion  of  Proper  Motions  of  Zone  Stars,  1879- 
188;*  (382  pp.) 

Vol.  XXV,  Part  ii.  Catalog  der  Astronomlsche  Gesellschaft  Cata- 
logue of  8.«27  Stars  between  4J)°  oC  and  50"  1&  of  North  Declina- 
tion.    For  the  Epoch  1875.     (17G  pp.) 

Vol.  XXXV.  Journal  of  Zone  Observations  during  the  Years  1870- 
1875.     (272  pp.) 

Vol.  xxxvi.  Journal  of  Zone  Observations  during  the  Years  1875- 
188:i.     (2t)9  pp.) 
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BIOGRAPHICAL  MEMOIR  OF  SAMUEL  LEWIS  PENFIELD. 


The  subject  of  this  memoir  came  of  a  prominent  family  and 
was  bom  in  Catskill,  New  York,  Januar}'  16,  1856,  spending 
his  boyhood  in  that  beautifully  situated  village  on  the  banks  of 
the. Hudson.  His  father,  George  H.  Penfield,  a  highly  esteemed 
and  useful  man  in  his  community,  was  a  shipping  merchant,  as 
had  been  his  father  before  him.  The  mother  of  our  mineralo- 
gist, Ann  Augusta  Cheeseman,  was  a  native  of  Stratford,  Con- 
necticut. She  was  a  woman  of  strong  character  and  rare  culture, 
and  it  is  interesting  to  know  that  members  of  her  family  have 
displayed  much  mechanical  ingenuity. 

There  is  a  record  of  seven  generations  of  Penfields  in  America 
before  our  scientist.  The  emigrant,  William,  was  born  in  Wales 
in  1650  and  settled  in  Massachusetts.  The  succeeding  ancestors 
lived  in  Wallingford,  Connecticut,  and  then  in  Fairfield,  in  the 
same  state,  until  the  grandfather,  Samuel  L.  Penfield,  as  a 
young  man,  removed  to  Catskill.  Penfield  possessed,  as  a  cher- 
ished family  heirioom,  a  portrait  in  oil  of  his  great-great-grand- 
father, Samuel  Penfield  of  Fairfield.  This  picture  shows  an 
evidently  prosperous  gentleman  in  the  costume  of  the  Revolu- 
tionary period,  and  with  strong,  interesting  features.  Another 
of  his  valued  possessions  was  the  Yale  diploma  of  the  next  Samuel 
Penfield,  his  great-grandfather,  who  was  graduated  in  1783,  and 
became  a  lawyer,  residing  in  Fairfield. 

Penfield's  early  home  wa  one  of  refinement,  cheerfulness,  and 
great  hospitality.  He  received  from  his  parents  an  inheritance 
and  a  training  which  gave  him  high  ideals  and  made  him  the 
upright,  absolutely  honest  man  that  he  was.  As  a  boy  he  was 
active,  fond  of  long  walks  among  the  mountains  near  his  home, 
an  expert  swimmer,  and  a  skilled  oarsman.  Never  particu- 
larly strong  or  athletic,  he  was  so  energetic  and  possessed  such 
endurance  that  all  his  life  he  was  able  to  accomplish  an  aston- 
ishing amount  of  work.  The  youthful  trait  which  probably  had 
the  most  significance  in  regard  to  his  future  career  was  his 
unusual  skill  in  the  use  of  tools.    This,  together  with  his  general 
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mechanical  ability,  enabled  him,  apparently  without  instruction 
and  with  little  practice,  to  produce  remarkable  pieces  of  handi- 
work. In  his  youth  he  built  a  beautiful  bookcase  which  adorned 
his  library  to  the  end  of  his  life,  and  during  the  same  early 
period  he  made  a  light  cedar  rowboat,  a  fine  specimen  of  boat- 
building, which  he  used  for  years  in  taking  exercise  upon  the 
Hudson. 

It  is  not  known  that  the  future  mineralogist  showed  any  marked 
precocity  in  his  earlier  studies,  but  he  graduated  with  honor  at 
the  Catskill  Academy,  and  then  went  to  the  academy  at  Wilbra- 
ham,  Massachusetts,  to  prepare  for  college.  From  the  time 
when  he  was  a  small  boy  lie  had  desired  to  go  to  Yale,  but  there 
is  no  doubt  that  his  interest  in  science,  leading  to  his  selection 
of  the  Sheffield  Scientific  School,  was  awakened  during  his  course 
at  Wilbraham.  In  after  years  he  often  spoke  of  having  received 
excellent  instruction  in  physics  there,  and  of  having  taken  much 
interest  in  that  course  of  study.  It  would  be  a  pleasure  to  ac- 
knowledge here  this  service  of  the  Wilbraham  teacher,  but  his 
name  is  not  known  with  certainty. 

Penfield  appeared  in  New  Haven  as  a  freshman  in  the  autumn 
of  1873.  He  was  a  handsome  young  man,  rather  slender,  some- 
what above  the  average  height,  with  black,  slightly  curling  hair, 
and  a  rather  dark,  rosy  complexion.  He  was  a  quiet,  but  sociable 
person,  with  pleasing  manners  and  a  happy  disposition.  It  was 
my  good  fortune  to  be  his  classmate,  to  take  exactly  the  same 
course  of  study  in  our  undergraduate  career,  and  afterwards  to 
be  his  room-mate  and  intimate  companion  for  many  years.  This 
long  acquaintance  and  close  intimacy  revealed  no  flaw  in  his 
fine  character  and  led  to  ever-increasing  admiration  of  him. 

He  was  a  most  conscientious  student,  a  dUigent  and  faithful 
worker.  He  did  not  attract  immediate  attention  for  ability, 
however,  for  he  had  little  facility  in  reciting,  while  subjects  re- 
quiring mere  memory,  particularly  languages,  were  difficult  for 
him.  It  may  be  mentioned  in  this  connection  that  he  improved 
remarkably  in  fluency  of  expression  as  years  went  by,  and  that 
be  showed  much  aptitude  in  acquiring  the  German  language  a 
few  years  later,  when  it  was  presented  to  him  practically  in  its 
own  country.     In  contrast  to  the  difficulties  just  mentioned,  it 
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became  evident  very  early  in  his  college  course  that  he  was 
acquiring  a  more  thorough  understanding  of  mathematical  and 
scientific  subjects  than  most  of  his  apparently  more  brilliant 
companions.  Besides  this,  he  did  excellent  work  in  the  free- 
hand and  mechanical  drawing  of  freshman  year,  as  was  to  be 
expected  of  one  with  his  natural  manual  skill. 

Upon  taking  up  the  study  of  analytical  chemistry  and  deter- 
minative mineralogy  during  the  next  year,  he  astonished  his 
fellow-students  by  the  ability  and  deftness  which  he  displayed 
in  these  practical  lines  of  work.  His  skill  with  his  hands  was 
such  that  he  was  from  the  outset  a  master  in  chemical  manipu- 
lation and  in  the  use  of  all  kinds  of  scientific  apparatus.  During 
this  year  he  had  an  attack  of  typhoid  fever  which  interrupted 
his  studies  for  many  weeks.  Most  men,  ujider  the  circumstances, 
would  have  dropped  back  into  the  next  class,  but  he  not  only 
made  up  the  large  amount  of  work  that  he  had  missed,  but 
actually  took  the  prize  in  determinative  mineralogy  for  that  year. 

The  course  just  mentioned  was  Penfield's  first  introduction 
to  the  science  in  whose  service  he  afterwards  labored  so  long 
and  successfully.  The  beauty  of  crystallized  minerals  at  once 
appealed  to  liim  strongly,  as  did  also  the  ingenious  tests  by 
blow-pipe  and  the  other  means  for  identifying  them.  Although 
at  that  time  he  had  no  intention  of  becoming  a  mineralogist,  he 
began  to  develop  the  wonderful  skill  that  he  afterwards  dis- 
played in  recognizing  minerals  at  sight.  It  is  much  to  the  credit 
of  Professor  George  J.  Brush  and  his  assistant,  the  late  Dr. 
George  W.  Hawes,  that  they  aroused  in  Penfield  such  an  interest 
in  mineralogy. 

During  the  third  and  last  year  of  his  undergraduate  course, 
Penfield's  success  in  chemical  laborator}'  work  was  even  greater. 
He  soon  finished  the  prescribed  work  of  the  coui-se,  at  that  time 
confined  almost  entirely  to  inorganic  analysis,  and  took  up 
more  advanced  investigations.  As  a  subject  for  his  graduation 
thesis  he  undertook  a  study  of  tlie  basic  sulphates  of  copper 
obtained  by  precipitation.  This  subject  was  not  of  his  own 
selection,  and  the  amorphous  precipitates  were  found  to  be  vari- 
able mixtures  of  little  interest,  so  that  the  results  were  never 
published ;  but  he  made  a  great  number  of  preparations  and 
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analyzed  them  with  such  rapidity  and  skill  that  his  work  must 
have  been  a  revelation  to  some  of  his  instnictors.  He  then  took 
up  the  analysis  of  minerals,  and  among  other  things  analyzed 
triphylite  from  Grafton,  New  Hampshire.  This  phosphate, 
containing  iron,  manganese,  calcium,  lithium,  and  sodium,  pre- 
sented analytical  difficulties  which  had  not  been  surmounted, 
as  it  appeared  later,  by  several  chemists  who  had  published  analy- 
ses of  it.  It  might  have  been  expected  tliat  so  young  and  inex- 
perienced a  chemist  would  have  been  unable  to  solve  this  problem, 
but  there  were  several  circumstances  in  his  favor.  The  first  was 
that  of  his  personal'  qualifications  of  manipulative  skill  and 
enthusiasm.  Another  favorable  condition  was  that  of  the  excel- 
lent traditions  and  ])ractice  of  analytical  chemistry  in  the  Shef- 
field laboratory,  due  to  the  instruction  and  example  of  Professors 
Brush,  Brewer,  Johnson,  ]\Iixter,  and  Allen,  all  of  whom  had 
studied  chemistrv  abroad  and  counted  amons:  their  teachers 
such  masters  as  Liebig,  Bunsen,  and  Plattner.  Finally,  in  mak- 
ing this  analysis,  Penfield  had  the  benefit  of  the  direct  advice 
of  Professor  Allen,  a  man  of  rare  judgment  in  the  selection  of 
analytical  methods.  As  a  result,  this  was  the  first  sfood  analv- 
sis  ever  made  of  triphylite,  indicating  a  much  simpler  formula 
than  the  one  previously  accepted.  This  was  the  beginning  of 
iVmlield's  important  work  in  simplifying  the  formulas  of  min- 
erals by  means  of  accurate  analyses  of  pure  material,  and  it  led 
to  the  publication  of  his  first  scientific  paper. 

Penfield  was  graduated  with  honors  in  1877.  He  had  studied 
his  books  faithfully  and  much  of  the  time  had  worked  in  the 
chemical  laboratory  almost  constantly  from  morning  imtil  night; 
but,  being  of  a  very  companionable  disposition,  he  had  never- 
theless found  time  to  make  many  close  friendships  among  his 
fellow-students. 

The  first  three  years  after  his  graduation  formed  a  most  im- 
portant period  in  Penfield's  scientific  development.  Two  of  these 
years  he  spent  as  assistant  in  the  chemical  laboratory,  the  third 
as  assistant  in  mineralogy.  It  was  the  writer's  privilege  to  re- 
turn as  a  graduate  student,  to  be  Penfield's  room-mate  during 
th(»se  three  years,  and  to  work  beside  him  in  the  laboratory  during 
much  of  this  time. 
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We  were  now  able  to  work  at  night  in  the  laboratory,  which 
was  so  small  in  those  days  that  Professor  Allen  frequently  woriced 
in  the  same  room  with  us.  His  chemical  sagacity  has  been  pre- 
viously mentioned,  and  it  was  fortunate  indeed  that  he  was 
most  generous  in  discussing  chemical  matters  and  giving  valu- 
able advice,  particularly  during  those  evening  hours.  Penfield 
was  exceedingly  quick  at  acquiring  knowledge  in  a  conversational 
way,  but,  being  essentially  an  experimentalist,  he  was  not  much 
inclined  to  gain  information  by  reading ;  hence  there  is  no  doubt 
that  Professor  Allen's  influence  upon  his  development  was  a 
very  important  one. 

A  most  fortunate  circumstance,  during  the  first  year  of  Pen- 
field's  graduate  study,  was  the  bringing  to  light  of  the  Branehville 
mineral  locality  by  Professors  Brush  and  E.  S.  Dana.  These 
gentlemen  labored  most  enthusiastically  in  developing  it,  and 
soon  several  new  phosphates  and  other  interesting  species,  new 
and  old,  were  disclosed.  Penfield  took  up  the  chemical  examina- 
tion of  the  new  phosphates,  eosphorite,  triploidite,  and  dickin- 
sonite,  and  soon  anal}'zed  them  with  masterly  skill  and  precision. 
Sharp  ratios  and  beautifully  simple  formulas  resulted  from  these 
analyses,  except  in  the  case  of  dickinsonite,  where  the  material 
could  not  be  obtained  in  a  pure  condition.  Mr.  F.  P.  Dewey  and 
the  writer  also  worked  on  Branehville  phosphates  at  this  time, 
but  their  work  was  not  as  extensive  as  that  of  Penfield.  As  far 
as  the  writer  is  concerned,  he  was  conscious  of  being  but  a  poor 
imitator  of  Penfield's  skill  and  rapidity,  and  it  was  only  by  work- 
ing all  night  on  one  occasion  that  he  finished  an  analysis  more 
quickly  than  his  gifted  friend  had  done  a  similar  one. 

Those  difficult  phosphate  analyses  were  wonderfully  beneficial 
to  the  group  of  young  chemists,  led  by  Penfield,  advised  by  Pro- 
fessor Allen,  and  encouraged  by  Professor  Brush.  Experience 
led  to  improvements  in  methods  and  greater  facility  and  rapidity 
in  applying  them,  so  that  the  difficulties  rapidly  disappeared. 

The  next  year,  1878-79,  Penfield  analyzed  several  triphylites, 
and  by  his  remarkably  beautiful  results  placed  beyond  question 
the  simple  formula  now  accepted  for  that  mineral.  He  analyzed 
also  the  new  Branehville  phosphates,  fairfieldite  and  fiUowite, 
as  well  as  samples  of  chabazite  and  rhodocrosite  from  the  same 
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locality.  In  that  same  remarkably  productive  year,  while  also 
attending  faithfully  to  his  duties  as  laboratory  assistant,  he 
turned  out  a  masterpiece  in  the  shape  of  eight  analyses  of  ambly- 
gonite,  from  various  localities,  which  gave  a  new  and  simple 
formula  for  that  mineral,  under  the  assumption  previously  put 
forward  by  Brush  and  Dana  that  fluorine  and  hydroxyl  play  the 
same  part  in  minerals.  This  view  was  based  on  Penfield's  analy- 
sis of  triploidite,  a  compound  containing  hydroxyl,  which  was 
observed  to  have  the  same  form  as  triplite  and  wagnerite,  ana- 
logous fluorine  compounds.  In  his  work  on  amblygonite,  Pen- 
field  showed  that  fluorine"  and  hvdroxvl  replace  each  other  in 
the  same  mineral — a  generalization  which  was  destined  to  play 
an  important  part  in  his  future  work  in  simplifying  mineral 
formulas.  The  publication  of  this  work  on  amblygonite  brought 
down  upon  him  the  wrath  of  the  great  (Jerman  authority,  Ram- 
melsberg,  who  characterized  the  hydroxyl-fluorine  idea  as  "un- 
chemical,"  and  remarked  that  the  analysis  of  amblygonite  was 
no  theme  for  beginners.  From  Rammelsberg's  point  of  view, 
this  was  indeed  a  difficult  problem ;  but  our  beginner  was  already 
a  past  master  in  mineral  analysis,  and,  besides,  he  was  in  a 
position  to  employ  methods  far  superior  to  those  previously  used 
in  the  examination  of  such  phosphates ;  so  that  he  solved  the  prob- 
lem where  his  critic,  the  great  authority  of  much  experience, 
had  failed.  The  hydroxyl-fluorine  idea  prevailed  in  spite  of 
Rammelsberg's  attack  upon  it,  and  it  is  interestiag  to  relate 
that  Penficld  visited  Kammelsberg  many  years  later,  when  the 
latter  was  near  the  end  of  liis  long  life,  and  was  most  cordially 
received  by  his  pred(K;essor  in  mineralogical  fame.  No  allusion 
to  past  differences  was  made  in  that  memorable  interview,  al- 
though it  appears  that  Rammelsberg  never  accepted  the  hydroxyl- 
fluorine*  thtorv. 

In  connection  with  his  amblygonite  analyses,  Penficld  inci- 
dentally devised  a  now  volumetric  method  for  the  determination 

ft' 

of  fluorine,  which  hasj)een  extensively  commended  and  employed 
since  its  publication. 

The  following  year,  as  usual,  he  did  many  things  in  addition 
to  his  work  of  instruction,  which  was  now  carried  on  in  the 
mineralogical  laboratory.     He  made  a  most  skillful  examination 
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of  childrenite,  using  less  than  a  gram  of  material  for  this  com- 
plicated analysis  and  obtaining  duplicate  determinations  upon 
most  of  the  constituents.  He  showed  that  its  composition  was 
analogous  to  that  of  the  eosphorite  which  he  had  previously 
analyzed,  as  was  to  be  expected,  from  the  similarity  in  form  of 
the  two  minerals.  It  appeared  that  Eammelsberg,  as  well  as 
another  chemist,  had  failed  to  find  a  large  part  of  the  alumina 
in  childrenite,  and  had  thus  arrived  at  an  incorrect  formula. 

In  mentioning  some  of  Rammelsberg's  analytical  failures 
here  it  is  not  intended  to  give  discredit  to  the  reputation  of 
that  celebrated  mineralogist,  who  made  a  vast  number  of  excel- 
lent analyses;  but  such  mention  seems  to  be  necessary  in  order 
to  emphasize  the  difficulty  and  importance  of  Penfield's  work. 
•  This  same  year  Penfield  analyzed  three  samples  of  manganifer- 
ous  apatite,  and  also  did  a  very  important  piece  of  work  in  the 
chemical  examination,  for -Brush  and  Dana,  of  spodumene  and 
its  alteration  products  from  the  Branchville  locality.  This  in- 
vestigation included  an  analysis  of  unaltered  spodumene,  three 
analyses  of  the  mixture  called  /?-8podumene,  an  elaborate  chem- 
ical examination  of  this  mixture,  which  led  to  the  discov- 
ery of  the  n^w  mineral  eucryptite  as  one  of  its  constituents, 
and  two  analyses  of  the  mixture  called  cymatolite,  which  led 
to  a  satisfactory  explanation  of  its  composition  as  a  mLxture 
of  albite  and  muscovite.  In  connection  with  the  same  investiga- 
tion, he  also  made  analyses  of  specimens  of  muscovite,  micro- 
cline,  and  killinite.  The  high  character  of  this  series  of  silicate 
analyses  was  shown  by  the  sharpness  of  the  ratios,  the  simplic- 
ity of  the  formulas,  and  the  importance  of  the  deductions  that 
Brush  and  Dana  were  enabled  to  draw  from  them  in  regard  to 
the  two  puzzling  microscopic  mixtures. 

It  would  not  appear  that  even  a  wonderful  analyst  could 
have  done  any  further  work  that  same  year,  but  during  that 
time  he  did  a  large  amount  of  technical  work  in'  analyzing 
cereals,  in  connection  with  some  (lovernmcnt  work  under  the 
direction  of  Professor  William  H.  Brewer.  This  was  done  with 
the  purpose  of  furnisliing  means  for  studying  in  Germany,  which 
he  was  planning  to  do  at  the  end  of  tlio  college  year.  The  cereal 
analyses  being  arranged  for  at  a  fixed  price  for  each,  Penfield 
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set  up  his  apparatus  and  turned  out  the  work  with  such  speed 
and  skill  as  were  simply  astonishing  to  the  writer,  who  was 
doing  similar  work  in  the  same  building — South  SheflBeld  Hall — 
for  the  Connecticut  Agricultural  Experiment  Station.  In  this 
connection  it  mav  be  mentioned  that  in  after  years  Penfield 
made  it  a  principle  to  refuse  outside  technical  work,  in  order 
that  he  might  devote  his  spare  time  wholly  to  his  scientific  investi- 
gations. This  course  involved  much  self-denial  on  his  part, 
because  at  times  the  demands  upon  his  purse  were  large  in 
proportion  to  his  salary. 

At  the  end  of  three  years  of  postgraduate  work,  when  only 
twenty-four  years  of  age,  Penfield  was  a  truly  great  analytical 
chemist,  and  had  turned  out  an  astonishing  amount  of  fine  work. 
In  future  years  he  was  destined  to  produce  much  more  wbrk  of 
this  kind,  and  to  broaden  his  experience  with  methods,  but  he 
liad  already  come  so  near  perfection  in  the  management  of 
analyses  that  there  was  little  room  for  future  improvement  in 
the  quality  of  his  investigations.  Difficult  analyses  always 
appeared  to  attract  rather  than  to  discourage  him.  He  had 
perfect  confidence  in  himself,  was  full  of  enthusiasm,  and 
anxious  to  arrive  quickly  at  his  results;  but  at  the  same  time  he 
was  exceedingly  conscientious  about  his  work,  and  this  strict 
honesty  led  him  to  examine  his  methods  and  test  his  results 
so  carefully  that  he  never  made  poor  analyses.  Accidents  and 
failures,  so  common  with  most  analysts,  were  verv  rare  in  his 
case,  on  account  of  his  manipulative  skill  and  good  judgment. 
It  was  a  pleasure  and  an  education  tp  see  him  work,  and  to 
observe  his  neatness,  deftness,  and  orderly  arrangements.  He 
enjoyed  the  work  greatly,  too,  and  often  said  that  making  an 
analysis  was  one  of  his  chief  pleasures.  The  writer  of  these 
lines  owes  very  much  to  the  privilege  of  having  worked  beside 
him  and  having  had  such  an  example  to  follow. 

In  the  spring  of  1880  Penfield  went  to  Gennany  for  further 
study.  After  residing  for  some  time  in  Hanover,  in  order  to 
become  more  familiar  with  the  language,  he  took  up  the  study 
of  organic  chemistry  under  Fittig  in  Strassburg,  and  remained 
there  for  two  semesters.  From  our  present  point  of  view,  this 
course  of  study  appears  to  have  been  unnecessary,  as  he  after- 
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wards  took  little  interest  in  the  subject;  but  at  that  time  it  was 
his  intention  to  make  a  career  as  a  chemist,  and  organic  chem- 
istry was  then  a  very  prominent  subject.  However,  while  at 
Strassburg  he  heard  some  lectures  by  the  mineralogist  Groth 
and  also  took  a  course  in  experimental  physics.  He  was  much 
interested  in  the  organic  work,  and  afterwards  was  glad  that  he 
had  taken  it,  as  it  gave  him  a  broader  education.  It  led  to 
the  publication  of  a  paper  in  conjunction  with  Fittig  upon  an 
unsaturated  organic  acid  and  some  of  its  salts. 

Upon  his  return  from  Germany  in  1881  Penfield  accepted 
the  instructorship  in  mineralogy  in  the  Sheffield  Scientific  School, 
thus  determining  his  future  career,  for  he  devoted  the  remain- 
ing twenty-five  years  of  his  life  to  that  department.  This  return 
to  mineralogy  appears  to  have  been  a  fortunate  circumstance, 
for  he  was  particularly  well  fitted  for  this  work  and  had  already 
become  a  leader  in  one  branch  of  the  subject.  He  soon  took  the 
entire  charge  of  the  instruction  in  mineralogy,  as  his  predeces- 
sor. Professor  Brush,  was  obliged  to  give  up  this  work  on  account 
of  his  increasing  duties  as  director  of  the  school. 

In  order  to  fit  himself  more  thoroughly  for  his  mineralogical 
work,  Penfield  went  to  Germany  again  in  1884,  and  for  one 
semester  studied  the  optical  properties  of  minerals  and  crystal- 
lography under  Rosenbusch  in  Heidelberg.  These  studies  he 
took  up  with  much  enthusiasm,  for  his  natural  aptitude  in 
mathematics,  his  skill  with  instiniments  of  precision,  and  his 
great  interest  in  minerals  made  the  work  very  congenial  to  him. 

His  mastery  of  physical  mineralogy  was  as  rapid  and  thorough 
as  his  development  in  chemistry  had  been,  and  from  that  time 
he  followed  both  lines  of  investigation  in  an  impartial  manner, 
but  with  an  increasing  tendency  toward  crystallography.  The 
fact  that  he  covered  so  ably  both  the  chemical  and  physical 
sides  of  mineralogy  is  particularly  noteworthy,  for  other  distin- 
guished mineralogists  have  usually  been  prominent  in  only 
one  of  these  directions.  His  ardent  devotion  to  mineralo<yv  was 
such  that  he  was  decidedly  a  specialist,  but  in  that  specialty  he 
was  broad. 

Penfield  became  assistant  professor  of  mineralogy  in  1888, 
and  was  advanced  to  full  professorship  in  1893.    His  enthusiasm 
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and  skill  in  inineralogioal  research  never  diminished,  and  he 
continued  this  work  throughout  his  lifetime  with  remarkable 
industry. 

After  taking  charge  of  the  mineralogical  department  he  often 
generously  gave  important  chemical  work  to  his  advanced  stu- 
dents, but  this  work  was  under  his  close  personal  supervision, 
and  he  frequently  took  part  in  it,  so  that  its  quality  was  similar 
lo  his  own.  His  occasional  work  in  cooperation  with  investi- 
<;at()rs  outside  of  his  university  should  also  be  mentioned.  In 
th«?e  eases  he  usually  took  the  crystallographic  part,  as  was 
the  case  in  his  work  with  Professor  Genth,  of  Philadelphia. 

In  all  but  his  earliest  chemical  researches  he  made  extensive 
and  Ycry  effective  use  of  heavy  solutions  in  purifying  his  material 
for  analysis.  In  many  cases  this  was  the  only  means  of  removing 
impurities  and  obtaining  the  minerals  in  a  sufficiently  pure 
condition,  and,  always  desiring  the  greatest  possible  accuracy, 
he  applied  this  method  whenever  it  could  be  of  assistance.  He 
exhibited  his  usual  remarkable  dexterity  in  applying  the  various 
heavy  solutions  for  this  purpose,  and  in  one  instance  he  devised 
a  special  form  of  apparatus  for  the  use  of  the  fused  mixture  of 
thallium  and  silver  nitrates. 

We  owe  to  Penfu?ld,  besides  the  volumetric  method  for  the 
determination  of  fluorine,  a  number  of  other  improvements  in 
analytical  methods,  for  it  was  his  practice  in  many  cases  to 
study  carefully  the  methods  that  he  used  by  applying  them  to 
known  mixtures,  so  that  he  arrived  at  a  numlnT  of  new  inven- 
tions or  important  modifications.  His  work  on  the  determination 
of  water  in  minerals  was  one  of  the  most  noteworthy  cases  of 
this  kind. 

Besides  his  analyses,  already  mentioned,  of  six  new  minerals 
for  Brush  and  Dana,  Penfield  descrilxid,  sojnetimes  in  con- 
j  net  ion  with  other  workers,  no  less  than  fifteen  new  minerals,  a 
brief  account  of  which  will  now  be  given. 

(Irrhiinlifr  (with  II.  I..  Wells,  188."))  is  a  basic  nitrate  of 
copper,  in  orthorlionihic  ^rcen  crystals,  and  is  the  only,  nitrate 
insoluble  in  water  known  as  a  mineral. 

Xf'Sffurhonitr  (with  F.  A.  (ienth,  18!)0)  is  an  orthorh(»nbic, 
hydratiMl  magnesium  cari)onat(*,   Mg('().,..'JlI..(). 
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SpangoUte  (1890)  is  a  hydrated  sulphate  and  chloride  of 
copper  and  aluminium  remarkable  for  its  composition  and  beau- 
tiful, hexagonal,  green  cr3rstals. 

Hamlinite  (with  W.  E.  Hidden,  1890)  is  a  hydrous  fluo- 
phosphate  of  aluminium,  strontium,  and  barium,  and  is  remark- 
able in  being  the  only  known  natural  phosphate  containing 
barium  or  strontiimi. 

Canfieldite  (1894)  is  a  sulphostannate  of  silver,  containing 
also  the  exceedingly  rare  element  germanium. 

Pearceite  (1896)  is  a  sulpharsenate  of  silver,  or  arsenical 
polybasite. 

Roeblingite  (with  H.  W.  Footc,  1897)  is  a  complex  silicate 
and  sulphite  of  calcium  and  lead,  the  only  known  natural  sul- 
phite. 

Bixbyite  (with  H.  W.  Foote,  1897)  is  a  combination  of  iron 
and  manganese  oxides,  essentially  FeMnOg. 

Clinohedrite  (with  H.  W.  Foote,  1898)  is  a  zinc  calcium  sili- 
cate of  peculiar  monoclinic  habit. 

Hancockite  (with  C.  H.  Warren,  1899)  is  a  silicate  related 
to  epidote  and  piedmontite,  but  containing  a  considerable  quan- 
tity of  lead. 

Olaucochroite  (with  C.  H.  Warren,  1899)  is  a  silicate  of 
calciimi  and  manganese.  * 

Nasonite  (with  C.  H.  Warren,  1899)  is  a  tetragonal  lead 
calcium  silicate. 

Lucophosnicite  (with  C.  H.  Warren,  1899)  is  a  hydrous  sili- 
cate of  manganese. 

Graftonite  (1900)  is  a  phosphate  of  iron,  manganese,  and 
calcium,  which  was  curiously  intergrown  with  triphylite. 

Tychite  (with  6.  S.  Jamieson,  1905)  is  a  carbonate  and 
sulphate  of  magnesium  and  sodium.  The  actual  mineral  was 
analyzed  only  qualitatively,  but  the  formula  was  determined  from 
an  artificial  product  cr^'stallizing  in  the  same  form  and  contain- 
ing the  same  things. 

Even  more  important  than  his  work  with  new  minerals  were 
Penfield's  investigations  upon  the  composition  and  form  of 
species  which  were  already  known.  ]N'ew  minerals  could  be 
studied  only  when  they  happened  to  be  found,  but  there  was 
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an  abundance  of  old  material  at  his  disposal  in  the  Brush  col- 
lection, and,  besides,  interesting  specimens  of  old  minerals  were 
frequently  found  by  him  or  sent  to  him  for  examination. 

Mention  has  already  b(»en  made  of  Penfield's  early  work  in 
establishing  correct  formulas  for  the  minerals  triphylite,  ambly- 
gonite,  and  childrenite.  In  later  years  he  performed  the  same 
service,  often  in  collaboration  with  others,  with  some  twenty 
other  minerals,  a  list  of  which  will  now  be  given. 

Monnzite  (1882,  and  with  E.  S.  Sperry,  1888)  was  found 
to  be  an  orthophosphate  of  cerium,  lanthanum,  and  didymium 
with  an  admixture  of  thorium  silicate. 

Ralstonite  (with  D.  N.  Harper,  188G)  was  purified  by  means 
of  a  heavy  solution  and  given  a  satisfactory  formula  upon  the 
basis  of  the  fluorine-hvdroxvl  idea. 

Ilerdcriie  (A^ith'D.  N.  Harper,  1886)  was  given  the  simple 
formula  CaBe(F,0H)P04. 

Ilowlite  (with  E.  S.  Sperry,  1887),  a  hydrous  calcium  boro- 
silicate,  was  given  the  rank  of  a  well-defined  mineral  species. 

Connellite  (1890),  a  hydrous,  basic  combination  of  the  sul- 
phate and  chloride  of  copper,  was  given  a  satisfactory  formula 
from  a  remarkable  analysis  made  with  only  0.074  grams  of  the 
exceedingly  scarce  material. 

Auri^'halciie  (1891),  a  basic  carbonate  of  zinc  and  copper, 
was  given  a  simple  formula. 

Allurgite  (1893),  a  member  of  the  mica  group,  was  given  a 
reasonable  formula, 

Argyrodite  (1893),  the  remarkable  silver  mineral  in  which 
the  new  element  germanium  was  discovered,  was  shown  to  have 
a  slightly  different  composition  from  that  originally  ascribed 
to  it. 

CooJceite  (1893),  a  mica,  was  given  a  new  formula. 

Chondrodite,  Humite,  and  Clinohumite  (with  W.  T.  H.  Howe, 
1894),  a  group  of  silicates  to  which  simple  formulas  were  given 
on  the  l)asi8  of  the  replacement  of  fluorine  by  hydroxy  1.  These 
formulas  were  shown  to  have  a  most  interesting  relation  to  the 
crystalline  forms  of  the  minerals,  so  that  an  unknown  member 
of  the  series  was  predicted,  both  as  to  its  composition  and  form. 
The    Swedish   mineralogist    Sjogren   soon   afterwards   found   a 
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mineral  with  the  predicted  form,  and  not  having  enough  of  it 
for  an  analysis,  ascribed  it  to  the  predicted  composition  and 
gave  it  the  name  prolectite,  from  T:poXi/etw,  to  fortell. 

Staurolite  (with  J.  H.  Pratt,  1894),  a  very  common  silicate, 
was  successfully  purified  and  given  a  simple  formula. 

Topaz  (with  J.  C.  Minor,  1894)  was  shown  to  contain  hydroxyl 
replacing  fluorine,  and  was  provided  with  a  good  formula, 
(AlF)2Si04,  in  which  F  is  replaceable  by  OH.  Moreover,  it 
was  shown  that  the  specific/ gravity  and  optical  properties  of 
the  mineral  vary  with  the  percentage  of  flourine,  so  that  the 
latter  could  afterwards  be  determined  by  a  physical  or  optical 
examination. 

Hanksite  (1885,  and  J.  H.  Pratt,  1896)  was  found  to  possess 
a  curious  composition  in  being  composed  of  sodium  sulphate, 
sodium  carbonate,  and  potassium  chloride. 

Ganomalite  (with  C.  H.  Warren,  1899)  was  shown  to  be  prob- 
ably analogous  to  Nasonite,  with  hydroxyl  taking  the  place  of 
the  chlorine  of  the  latter  mineral. 

Tourmaline  (with  H.  \V.  Foote,  1899),  a  mineral  whose 
complex  composition  had  been  much  discussed,  was  given  a  plausi- 
ble formula,  based  upon  the  idea  that  the  mass  effect  of  a  large 
complex  radical  determines  the  cr}'stallization  and  permits  wide 
variations  in  the  remainder  of  the  molecule. 

Sulphohalite  (1900)  was  shown  to  be  a  compound  of  sodium 
sulphate,  chloride,  and  fluoride,  in  which  the  flourine  had  been 
previously  overlooked. 

Turquois  (1900)  was  given  a  satisfactory  formula,  and  the 
occurrence  of  copper  in  this  phosphate  was  explained. 

Amphibole  (with  F.  C.  Stanley,  posthumous,  1907)  was  ex- 
plained on  an  assumption  similar  to  that  used  in  the  case  of 
tourmaline. 

Besides  giving  the  crystallography  of  the  new  minerals  that  he 
described,  Penfield  established  the  crystalline  fornis  of  Amaran- 
ate,  Argyrodite,  Bertrandite,  Ilerderite,  Lansfordite,  MetaciiV' 
nabarite,  Penfieldite,  Polyhasite,  S pern/lite,  Tiemannite,  Wil- 
lemite,  Calaverite,  and  Stibiotantalite  (the  last  two  with  W.  E. 
Ford),  and  he  published  numerous  observations  upon  interesting 
developments  or  habits  of  the  crystals  of  still  other  species. 
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Nor  was  his  crystallographic  worl^^  jonfined  to  minerals,  for 
he  was  very  generous  in  giving  much  time  to  the  study  of  arti- 
ficial crystals  prepared  by  various  chemists.  For  instance,  he 
described  the  forms  of  a  large  number  of  double  salts  and  other 
compounds  prepared  by  the  writer,  and  in  that  connection  ob- 
tained some  interesting  results  in  relation  to  the  effect  of  the 
replacement  of  one  element  by  another.  Much  of  his  work  upon 
artificial  crystals  is  scattered  through  chemical  literature  and 
does  not  appear  in  the  lists  of  his  publications. 

It  should  not  be  forgotten  that  Penfield's  liberality  in  en- 
couraging the  independence  of  others  led  to  the  publication  of 
a  large  amount  of  work  from  his  laboratory  which  did  not  bear 
his  name,  although  he  acted  in  an  advisory  capacity.  Thus 
J.  H.  Pratt  described  a  new  mineral,  Pratt  and  H.  W.  Poote 
described  another,  while  these  and  other  assistants  and  advanced 
students  published  the  results  of  many  important  investigations 
not  bearing  Penfield's  name,  although  in  most  cases  he  suggested 
the  work  and  carefully  superintended  it. 

During  the  last  few  years  of  his  life,  Penfield  became  much 
interested  in  the  application  of  graphical  methods,  in  connec- 
tion with  stereographic  projection,  for  the  solution  of  crystal- 
lographic and  other  problems  of  spherical  trigonometry.  He 
published  several  articles  on  this  subject  and  devised  several 
pieces  of  ingenious  apparatus  for  carr3ring  out  his  methods, 
8U(th  as  engraved  circles  and  scales,  as  well  as  a  series  of  pro- 
tractors printed  on  transparent  celluloid  sheets.  These  methods 
have  since  been  extensively  employed  by  other  crystallographers. 
He  also  advocated  the  use  of  his  graphical  methods  for  geo- 
graphical maps  and  sailing  charts,  but  apparently  made  little 
impression  upon  the  conservatism  of  established  usage  in  these 
directions. 

Professor  Penfield's  scientific  work  may  be  summarized  as 
comprising  mineralogical  investigations  of  great  abundance, 
variety,  accuracy,  and  iijuportance.  The  thoroughness  with  which 
his  pieces  of  work  were  carried  out  is  also  particularly  striking. 
He  was  not  satisfied  until  he  had  settled  every  possible  point 
in  regard  to  a  mineral  that  he  was  studying.  One  of  his  notable 
achievements  was  the  establishment  of  the  replacement  of  fluorine 
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by  hydroxyl  and  the  sIl  plification  of  the  formulas  of  many 
minerals  upon  this  basis  after  making  accurate  anaWses  of  them. 
Another  remarkable  piece  of  work  was  his  discovery  of  such 
relations  between  composition  and  form  in  a  group  of  minerals 
that  he  was  able  to  predict  the  existence  of  a  mineral  not  yet 
discovered. 

His  scientific  attainments  have  been  widely  recognized.  He 
was  elected  Fellow  of  the  American  Academy  of  Arts  and 
Sciences  in  1893,  Foreign  Correspondent  of  the  Geological  So- 
ciety of  London  in  1896,  Member  of  the  National  Academy  of 
Sciences  in  1900,  Fellow  of  the  American  Association  for  the 
Advancement  of  Science,  Corresponding  Member  of  the  Royal 
Society  at  Gottingen,  and  Member  of  the  Scientific  Society  at 
Christiania  in  1902,  Corresponding  Member  of  the  Geological  So- 
ciety at  Stockholm,  and  Foreign  Member  of  the  Mineral ogical  So- 
ciety of  Great  Britain  in  1903,  and  in  1904  the  University  of  Wis- 
consin conferred  upon  him  the  degree  of  Doctor  of  Laws. 

The  result  of  neariy  all  of  Penfield^s  researches  were  pub- 
lished in  the  "American  Journal  of  Science.^^  He  brought  to- 
gether many  of  his  more  important  ari;icles  in  one  of  the  bicen- 
tennial publications  of  Yale  University  issued  in  1901,  and  in 
this  volume  he  gave  also  an  interesting  account  of  the  develop- 
ment of  mineralogy  at  Yale,  including  a  full  bibliography. 

The  teaching  that  Penfield  did  was  a  most  impori^mt  pari; 
of  his  life  work,  and  although  the  results  that  he  achieved  in 
this  direction  are  less  tangible  than  those  of  his  researches,  they 
are  probably  of  even  greater  consequence. 

In  taking  charge  of  the  mineralogical  course  of  instruction 
in  the  Sheffield  Scientific  School  he  inherited  from  his  predeces- 
sor an  excellent  plan  of  teaching,  the  main  feature  of  which 
he  always  followed.  The  beginners  were  taught  blow-piping 
and  the  accompanying  chemical  and  physical  tests  for  minerals, 
and  were  required  to  identify  minerals  in  this  way.  Then  the 
mineral  collection,  brought  together  by  Professor  Brush  with 
such  good  judgment  that  it  was  an  extraordinarily  good  one 
for  teaching  purposes,  was  exhibited  by  means  of  lectures,  and 
at  the  same  time  the  principles  of  crystallography  were  incul- 
cated. 
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Penfield's  continual  effort  was  to  make  this  course  in  miner- 
alogy more  instructive  and  interesting.  With  this  end  in  view 
he  improved  the  collection  of  unlabeled  minerals  by  adding  to 
it  typical  specimens^  so  that  the  students  in  using  small  frag- 
ments for  their  tests  could  observe  the  appearance  of  the  minerals 
with  which  they  were  dealing.  He  installed  also  a  labeled  col- 
lection of  the  more  important  minerals,  to  whioh  the  students 
had  free  access,  and  thus  could  confirm  their  identifications  by 
comparison  and  become  familiar  with  a  wider  range  of  char- 
acteristic specimens.  He  arranged  neat  exliibits  of  specimens 
illustrating  color,  fonn,  and  other  physical  properties  of  min- 
erals, and  was  particularly  painstaking  in  supplying  the  labora- 
toiy  and  lecture-room  with  crystal  models  and  other  apparatus 
elucidating  cr^'stalline  structure.  Much  of  this  apparatus  he 
made  or  devised  with  great  skill  and  ingenuity. 

He  gave  much  attention  also  to  the  improvement  of  laboratory 
instruction  by  preparing  printed  laboratory  directions  and  other 
aids  for  students,  and  the  results  of  much  painstaking  experience 
in  the  testing  of  minerals,  including  many  devices  of  his  own, 
wore  incorporated  in  the  new  edition  of  Brush's  "Determinative 
Mineralogy,"  which  he  rewrote,  enlarged,  and  published  in  1898. 

He  was  a  successful  lecturer  in  the  class-room,  but  was  at 
his  best  in  laboratory,  instruction,  where  he  came  into  contact 
wifli  the  students  individuallv.  In  this  work  he  was  kindlv, 
patient,  persistent,  and  thorough.  He  was  very  appreciative  of 
good  work  and  progress  on  the  part  of  the  student.  He  was 
untiring  in  his  devotion  to  his  advanced  students  and  never  al- 
lowed his  owji  investigations  to  interfere  with  giving  them  all 
possible  advice  and  assistance.  He  inspired  his  co-workers 
with  his  own  enthusiasm,  and  imparted  to  them  much  of  his 
knowledge  and  skill.  Among  those  who  worked  with  him  and 
have  since  followed  scientific  careers,  in  some  cases  in  geology 
or  chemistry,  are  Professors  L.  V.  Pirsson,  H.  W.  Foote,  and 
W.  E.  Ford,  of  the  Sheffield  Scientific  School ;  Professor  J.  H. 
Pratt,  of  the  TJniversitv  of  Xorth  Carolina:  Dr.  E.  0.  Hovev, 
of  the  American  Museum  of  Natural  History;  Dr.  0.  H.  Far- 
rington,  of  the  Field  Columbian  Museum,  and  Professor  C.  IT. 
Warren,   of  the  ^fassachusetts   Institute  of  Technology.      The 
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names  of  many  others  who  made  investigations  with  him  will 
be  found  in  the  list  of  his  publications. 

The  mineralogical  laboraton-,  during  Penfield's  connecticm 
with  it,  was  situated  in  the  Yale  Peabody  Museum^  where  the 
Brush  collection  was  also  deposited  until  1903,  when  the  depart- 
ment was  moved  to  a  new  building,  Kirtland  Hall,  on  the  grounds 
of  the  Sheffield  Scientific  School.  At  the  time  of  this  removal 
Professor  Brush  made  a  gift  of  his  whole  collection  to  the 
school,  together  with  a  liberal  endowment  for  its  care  and  en- 
largement, and  Penfield  was  appointed  as  its  official  curator. 
He  had  previously  given  much  attention  to  the  collection,  both 
in  assisting  Professor  Brush  in  its  care  and  also  in  connection 
with  using  it  in  illustrating  his  lectures  on  descriptive  mineralogy 
and  crystallography,  for  .which  purpose  he  had  beautifully 
mounted  and  arranged  many  of  the  specimens.  He  now  under- 
tone and  fully  carried  out  the  arrangement  of  the  collection 
in  its  new  cases  in  the  new  building,  and  many  excellent  features 
of  this  great  collection,  as  now  arranged,  are  due  to  his  unequalled 
taste  and  skill. 

In  Kirtland  Hall,  Penfield  had  also  the  pleasure  of  planning 
and  putting  into  operation  a  model  laboratory  for  instruction 
and  investigation  in  all  branches  of  his  department  of  science. 
This  was  done  with  his  usual  good  judgment  and  conmion  sense, 
and  this  beautiful  laboratory,  containing  so  many  of  his  in- 
ventions and  such  numerous  examples  of  his  orderly  arrange- 
ments of  apparatus  and  specimens,  will  long  remain  a  fitting 
reminder  of  this  great  mineralogist. 

The  removal  to  Kirtland  Hall  was  practically  coincident  with 
his  failure  in  health,  so  that  his  enjoyment  of  it  was  much  dimin- 
ished. However,  he  went  on  bravely  and  cheerfully,  working  to 
the  end. 

Penfield's  publications  arc  noteworthy  for  their  general  clear- 
ness and  conciseness.  He  used  great  care  and  much  time  in 
preparing  his  manu8cri})t8,  usually  making  several  revisions  of 
them  before  they  satisfied  him.  In  his  younger  days  his  scientific 
writing  was  something  of  a  hardship  to  him,  but  with  practice 
his  facility  in  this  direction  improved  remarkably.  Professor 
Miers,  of  Oxford,  mentions  his  clearness  of  exposition  as  ex- 
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hibited  in  the  "Determinative  Mineralog/^  and  says:  "The  in- 
troductory chapters  which  he  wrote  for  this  book  are  models 
of  clear  and  lucid  treatment^  and  among  the  very  best  that 
can  be  placed  in  the  hands  of  elementary  students/* 

Penfield  was  naturally  very  friendly  and  sociable,  he  attracted 
others  by  his  many  good  qualities,  and  he  made  enduring  friend- 
ships among  his  associates  everywhere.  A  classmate  who  re- 
tained close  intimacy  with  him  throughout  his  after  life  is 
Professor  J.  P.  Iddings,  of  Chicago,  who  recently  pronounced 
a  beautiful  tribute  to  him  before  the  Geological  Society  of  Amer- 
ica, in  which  he  spoke  of  him  as  "A  genial  and  loveable  com- 
panion whose  cheerfulness,  generosity,  steadfastness,  and  abso- 
lute honesty  in  thought  and  action  form  his  most  memorable 
characteristics."  Another  classmate  and  close  friend  is  Col. 
Morris  K.  Belknap,  of  I-K)uisville,  Kentucky.  This  good  friend 
has  recently  founded  in  his  memory  a  "Penfield  Prize"  in  miner- 
alogy in  the  SheflSeld  Scientific  School. 

Penfield  remained  unmarried  for  twenty  years  after  his  gradu- 
ation, and  lived,  usually  with  two  or  thl^ee  companions,  in  the 
upper  part  of  South  SheflBeld  Hall,  in  apartments  familiarly 
known  as  "The  Attic."  It  was  my  good  fortune  to  be  one  of 
those  companions  during  nearly  all  of  this  time.  Another  long 
resident  there  was  Professor  L.  V.  Pirsson,  who  was  for  a  time 
Penfield^s  pupil,  then  his  assistant,  and  finally  his  colleague  in 
the  closely  related  subject  of  petrology.  This  intimate  friend 
and  associate  has  paid  worthy  tribute  to  Penfield  in  a  biograph- 
ical essay  published  in  the  "American  Journal  of  Science."  An- 
other member  of  that  coterie  was  the  late  Professor  C.  E.  Beecher, 
the  gifted  and  beloved  geologist,  whose  loss,  as  well  as  Penfield's, 
this  academy  deplores,  as  one  of  its  eminent  members. 

Much  pleasure  and  profit  came  from  the  companionship  of 
those  days.  Many  interesting  conferences  took  place  in  those 
quarters  after  the  day's  and  evening's  tasks  were  done,  in  which 
Penfield  and  the  others  discussed  the  progress  of  their  work 
and  often  obtained  advice  and  encouragement  in  regard  to  it. 

The  relations  of  Penfield  and  the  writer  in  connection  with 
their  work  were  particularly  close.  The  crystallographor  was 
frequently  called   upon   to   display   his   unfailing   kindness    in 
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ei^amining  crops  of  crystals  for  the  chemist,  to  see  if  they  were 
pure,  or  to  make  some  other  application  of  his  knowledge  and 
skill.  On  the  other  hand,  it  sometimes  happened  that  the  chemist 
was  able  to  help  the  mineralogist  by  advice  in  regard  to  analytical 
methods,  for  Penfield  preferred  actual  work  to  the  study  of  books, 
and  it  was  well  that  he  did,  for  thereby  he  accomplished  much 
more  in  the  direction  in  which  he  was  so  highly  gifted. 

Penfield  did  not  confine  himself  undulv  to  his  laboratory, 
although  it  happened  that  he  worked  evenings  as  well  as  in 
the  daytime,  when  he  was  particularly  interested.  He  took 
outdoor  exercise  with  considerable  regularity,  and  participated 
frequently  in  the  social  gatherings  of  his  many  friends  in  New 
Haven.  He  usually  availed  himself  of  the  vacations  for  rest 
and  recreation  or  for  mineralogical  excursions.  Two  summers 
he  spent  in  the  Yellowstone  Paric,  as  assistant  to  his  friend 
Iddings,  then  connected  with  the  United  States  Geological  Sur- 
vey. Other  summer  vacations  he  spent  partly  or  wholly  in  col- 
lecting minerals  and  observing  their  occurrences  in  northern 
New  York,  Colorado,  North  Carolina,  Maine,  Nova  Scotia,  and 
still  other  localities.  It  was  a  great  pleasure  to  be  with  him. 
on  such  trips,  for  he  was  full  of  enthusiasm  and  a  most  agree- 
able companion.  He  spent  the  summers  of  1894  and  1897  in 
Europe,  visiting  a  number  of  fellow-mineralogists  and  looking 
at  many  collections  in  the  course  of  his  travels.  His  reception 
on  both  these  occasions  was  exceedingly  cordial.  One  of  the 
results  of  those  visits  was  a  particularly  firm  friendship  with 
Professor  H.  A.  Miers,  of  Oxford  University,  who  has  writtcm  a 
most  sympathetic  biographical  account  of  him.  Another  valued 
friendship  thus  formed  was  with  our  Foreign  Associate,  the  Nor- 
wegian geologist,  W.  C.  Brogger,  who  has  recently  dedicated  one 
of  his  books  to  Penfield. 

The  beauty  and  simplicity  of  Penfield's  character  impressed 
all  who  knew  him.  He  was  generous,  sympathetic,  unselfish,  and 
unassuming.  He  showed  unlimited  loyalty  to  his  friends  and  was 
exceedingly  lenient  to  their  shortcomings  or  to  any  opinions 
that  they  might  hold  which  differed  from  his  o^\^l.  His  good 
deeds  were  many  in  helping  the  needy  and  suiTering,  and  through- 
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out  hif}  life  he  retained,  with  complete  nnobtrusiveness,  liie  8i|iple 
reli^ioufl  faith  that  he  had  acquired  in  his  childhood. 

In  January,  1897,  he  married  Miss  Grace  Chapman,  of  Albany, 
New  York,  thus  bringing  much  happiness  to  his  few  remaining 
years.  In  the  delightful  home  which  he  then  established  he 
took  much  pleasure  in  entertaining  his  many  friends,  for  hos- 
pitality was  one  of  the  strongest  traits  of  his  character. 

Penfield  was  always  conscientiously  careful  of  his  health, 
being  regular  in  his  habits  and  extremely  temperate  in  his  man- 
ner of  living.  It  did  not  appear  that  he  was  sapping  his  strength 
by  overwork,  for  he  seemed  vigorous  and  well ;  but  he  was  sud- 
denly attacked  by  that  much-dreaded  malady  which  interferes 
with  the  assimilation  of  saccharine  substances.  From  this  he 
suffered  for  more  than  three  years,  showing  wonderful  fortitude 
and  patience  under  the  restrictions  imposed  upon  him.  Eminent 
medical  specialists  did  all  in  their  power  for  him,  while  his 
colleagues,  Professors  Chittenden  and  Mendel,  gave  his  case 
thorough  scientific  attention,  and  his  wife  gave  him  most  devoted 
care.  Under  these  circumstances  and  by  his  own  obedience  to 
the  prescribed  regimen,  his  life  was  undoubtedly  prolonged;  but 
all  efforts  were  unavailing,  and  the  end  came,  fortunately  with 
little  suffering,  on  August  12,  1906,  at  South  Woodstock,  Con- 
necticut, where  he  was  spending  the  summer.  Until  two  days 
before  his  death  he  had  been  very  happy  and  comfortable  and 
had  been  cheerfully  making  plans  for  the  future. 

He  r(»8t8  in  his  native  village,  Catskill,  which  he  loved  so  well. 
He  is  survived  by  his  wife,  a  sister,  and  a  brother. 

The  accompanying  portrait  is  from  a  photograph  taken  jibout 
four  yejirs  before  his  death. 
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PREFATORY  NOTE. 


In  writing  the  memoir  of  the  life  and  scientific  work  of 
Dr.  Joseph  JjC'  Conte,  it  has  seemed  to  me  proper  and  best  to 
follow,  so  far  as  practicable,  his  autobiography,  in  which  the 
facts,  events,  and  motives  are  presented  by  himself  in  their 
proper  connection  and  order,  better  than  could  be  done  by  any 
one  else.  In  the  abridgment  of  his  text  I  have  purposely  striven 
to  retain  in  a  great  measure  his  own  mode  of  dicti(m  and  ex- 
pression, considering  it  desirable  that  he  should  a])pear  essen- 
tially in  the  light  in  which  he  viewed  himself;  and  that  the  some- 
what exceptional  mode  of  mental  growth  of  a  man  so  highly 
gifted,  under  conditions  now  fast  becoming  extinct,  should  be 
succinctly  ])ut  (m  rec?ord  in  connecticm  with  the  discussion  of 
his  broad  scientific  work,  to  which  is  due  the  length  of  this 
paper.  The  writer's  long-continued  and  close  personal  relations 
with  the  subject  of  this  memoir  have  afforded  some  side-lights 
which  do  not  so  clearly  appear  in  I^e  Conte's  published  writ- 
ings, and  it  gives  him  pleasure  to  fulfill  herewith  a  promise 
mutual  I  v  nuide  as  to  the  service  the  survivor  sliould  render  to 
his  friend. 

K.  W.  Hil(;ard. 

Bkukki.ky,  California,  March,  1007. 
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Ozarkian  or  Sicrraii  era  of  elevation  and  erosion,  published  in 
1900.  These  are  discussed  later.  In  the  same  year  he  wrote  his 
first  discussion  of  the  '^Glycogenic  Function  of  the  Liver  and  Its 
Relation  to  Vital  Force  and  Vital  Heat,"  which  was  expanded 
in  subsequent  ])ubIications  and  finally  summarized  also  in  his 
b(K)k  on  the  "Comparative  Physiology  and  Morphology  of 
Animals,^'  issued  in  1900. 

In  1878  he  wrote  a  paper  in  reply  to  Captain  Button's  criti- 
cism of  his  "Contractional  Theory  of  Mountain  Formation," 
which  he  explained  more  fully.  In  the  summer  of  this  year  he 
took  his  family  on  a  camping  trip  to  the  Yosemite  Valley  and 
Calaveras  Grove. 

The  summer  of  1879  he  devoted  to  an  extended  but  rather 
pleasure  tour  with  his  wife  to  Oregon,  Washington,'  and  British 
Columbia,  and  examined  the  Carbon  River  coal  fields. 

Among  the  scientific  papers  written  by  him  in  1880,  a  very 
active  year,  was  one  on  "The  Old  River  Beds  of  California," 
which  further  illustrated  his  views  on  the  critical  events  of  the 
Quaternary  era.  Others  were  on  "The  Genesis  of  Sex,"  "The 
Effect  of  Mixture  of  Races  on  Human  Progress,"  and  on  "The 
Laws  of  Ocular  Motion,"  the  latter  being  afterwards  made  a 
portion  of  his  book  on  "Sight,"  written  in  the  same  year.  He 
also  made  a  trip  to  the  South. 

In  1881  he  made  only  a  short  trip  to  study  the  formation  of 
cinnabar  veins  at  the  Sulphur  Bank,  which  he  saw  in  actual 
progress  and  discussed  in  a  paper  published  in  1882.  In  the 
summer  of  the  last-named  year  he  also  made  another  trip  to  the 
Yosemite,  and  while  there  heard  of  the  discovery  of  the  Carson 
Footprints,  whicli   he  examined,   together  with   th&   Steamboat 

# 

Springs  of  Nevada.  He  determined  the  footprints  a^  those  of 
animals  of  late  Tertiary  age. 

Spending  the  summer  vacation  of  1883  near  San  Bernardino, 
he  made  observations  on  the  old  river  beds  of  the  Sierra  Madre, 
showing  there  also  a  post-Tertiary  elevation  of  the  mountains. 
His  paper  on  this  "Rejuvenation  of  the  Sierra"  was  not  pub- 
lished till  1886. 

In  1884,  after  having  in  New  York  superintended  the  publi- 
cation of  his  "Compend  of  Geolog>%"  he  again  visited  the  South. 
During  this  and  the  following  year  he  wrote  many  short  papers, 
(19)  179 


JOSEPH    LB    CONTE. 

and  scientific  activity  for  TjC  Conte,  involving  the  publication  of 
numerous  papers,  both  philosophical  and  scientific,  as  well  as 
the  revision  and  republication  of  previous  works.  He  w^as  elected 
president  of  the  American  Association  for  the  Advancement  of 
Science  after  thirty  years'  absence  from  its  meetings.  He  was 
also  made  vice-president  of  the  American  committee  of  the  In- 
ternational Geologic  Congress,  which  met  at  Washington  at  the 
same  time,  and  in  the  unexpected  absence  of  the  president,  New- 
berry, he  presided  at  the  meetings  of  the  Congress,  and  there- 
fore had  to  make  an  address  of  welcome  to  the  visiting  geologists. 
The  subject  of  this  address,  which  he  had  to  prepare  within  two 
days,  was  "The  American  Ctmtinent  as  a  Geological  Field,"  and 
in  it  he  called  the  attention  of  the  foreign  membei*s  specially  to 
the  greater  simplicity  of  geologic  phenomena  in  the  United 
States  as  compared,  with  Europe,  qualifying  the  American  geo- 
logic field  to  serve  a»  a  prototj^pe  rather  than  the  more  complex 
European  conditions,  as  had  heretofore  been  done.  Here  he 
made  numerous  interesting  acquaintances,  which  were  to  serve 
him  greatly  in  a  subsequent  visit  to  Europe. 

Having  subsequently  superintended  at  New  York  the  fourth 
edition  of  his  ^* Elements  of  Geology,"  he  visited  his  relatives  in 
the  South,  stopping  afterwards  at  Washington,  where  he  lectured 
before  the  Philosophical  Soc'iety  on  ''The  delation  of  Philos-: 
ophy  to  Psychology  and  to  Physiology."  Subsequently,  in  New 
York,  he  lectured  on  "The  Race  Problem  in  the  South" — a 
thorny  subject  at  the  time — which  he  aften^^ards  elaborated  more 
fullv  in  a  volume  entitled  "Man  and  the  State." 

The  regents  of  the  university  having  given  TiO  (-onte  a  year's 
leaver  of  absence  with  full  salary,  he  determined  now  to  fulfill 
his  wish,  long  entertained,  of  visiting  Europe.  He  sailed  in 
February,  1892,  from  New  York  to  Genoa,  with  his  wife  and 
youngest  daughter,  Caroline.  It  was  a  great  event  to  him  and 
was  thoroughly  enjoyed.  From  Genoa,  Kome  was  visited,  then 
Naples,  whose  bay  he  compares  to  that  of  San  Francisco,  whose 
general  scenery  he  considers  quite  equal,  but  lacking  the  clear 
blue  water  and  the  pebbly  beaches  as  well  as  the  historic  setting. 
After  visiting  the  usual  ])oints  of  interest,  they  went  north,  via 
Rome,  to  Florence,  Venice,  ^filan ;  thence,  via  the  St.  Gotthard 
Pass  and  Luzerne,  to  Zurich,  where  he  visited  the  university; 
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thence  to  Heidelberg  and  down  the  Rhine,  which,  apart  from  its 
historic  castles  and  cities,  he  found  less  striking  than  the  Colum- 
bia, the  Fraser,  or  even  the  Hudson.  After  a  few  days  at 
Cologne  they  went  to  Paris,  where  he  enjoyed  specially  the  many 
distinguished  men  he  met,  mentioning  Gaudry,  Boule,  De  Mar-i 
gerie,  Daubree,  Barrois,  and  others.  Professor  Javal,  the 
ophthalmologist  of  the  Sorbonne,  told  him  that  where  he  (Le 
Conte)  differed  with  Helmholtz  in  matters  relating  to  sight,  Le 
Conte  was,  in  his  opinion,  altogether  right. 

From  Paris  they  went  to  England,  where  Le  Conte  was 
specially  delighted  to  hear  his  native  tongue  again.  They  were 
mostly  the  guests  of  Mr.  De  Friese,  a  former  student  at  the 
University  of  California.  Among  the  many  interesting  men  he 
met  were  Professor  Prestwich,  whose  guest  he  was  for  some  days, 
Sir  Archibald  Geikie,  Professor  Judd,  and  others;  and  after 
attending  a  meeting  of  the  Geological  Society  he  was  invited  to 
a  dinner,  at  which  he  met,  among  others.  Sir  John  Lubbock,  who 
showed  him  much  attention.  Sir  Andrew  Clark  asked  him  im- 
mediately  whether  he  was  the  author  of  the  book  on  "Evolution 
in  Its  Relation  to  Religious  Thought,"  which  he  had  carefully 
read  and  annotated.  Cambridge  and  Oxford  gave  him  the  most 
enjoyable  experiences.  Prof.  McK.  Hughes  entertained  him  for 
several  days  at  Cambridg(\  and  Professor  Romanes,  with  whom 
Le  Conte  had  corresponded,  invited  him  to  his  house  at  Oxford. 
Tt  appeared,  again,  that  Romanes  liad  also  hovn  especially  im- 
pressed with  the  book  on  "Evolution  and  Religious  Thought." 

After  a  much-enjoyed  tour  through  Scotland  and  short  stay 
in  Ireland,  where  they  visited  the  T^akes  of  Killarney,  th(»y  went, 
via  Cork  and  Queenstown,  to  New  York;  thence,  after  presiding 
at  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  at  Rochester,  Tjc  Conte  returned  directlv  to 
California. 

.    In  winter  of  1892-1893  he  visited  southern  California,  lec- 
turing at  several  points. 

On  the  26th  of  February  1893,  being  his  seventieth  birthday, 
the  Academic  Senate  of  the  University  of  California  gave  him  a 
dinner  in  the  Maple  Room  of  the  Palace  Hotel,  San  Francisco. 
In  June  of  the  same  year,  being  quite  unwell,  he  visited  the 
Yosemite  Valley,  and,  thinking  it  was  probably  the  last  time  he 
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would  see  it,  he  took  leave  of  the  familiar  cliffs  and  water-falls. 
He,  however,  saw  it  several  times  afterwards.  In  August  he 
went  to  Madison,  Wisconsin,  to  give  his  addr^s  as  retiring  presi- 
dent of  the  Amerioan  Geological  Society.  His  subject  was  the 
important  paper  on  "Mountain  Origin,"  subsequently  published 
in  several  journals. 

At  the  beginning  of  the  year  1894  occurred  the  Midwinter 
Exposition  at  San  Francisco,  where  he  addressed  one  of  the 
congresses  on  "The  Theory  of  Evolution  and  Social  Progress," 
which  paper  was  subsequently  published  in  The  Monist.  He 
again  spent  the  summer  in  the  Yosemite  Valley,  but  this  time 
at  the  hotel,  and  then,  in  August,  attended  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  at  Brook- 
lyn, New  York.  He  shortlv  after  became  a  member  of  the 
American  Institute  of  Mining  Engineers,  in  recognition  of  his 
paper  on  "Posepny's  Genesis  of  Ore  Deposits." 

In  1895  he  attended  the  meeting  of  the  American  Educational 
Association  at  Denver,  giving  an  address  on  "The  Effect  of  the 
Theory  of  Evolution  upon  Education,"  published  in  the  pro- 
ceedings of  that  meeting.  In  this  year  he  also,  after  partici- 
pating in  the  discussions  of  the  "Concept  of  God"  by  the  Philo- 
sophical Union  of  the  University  of  California,  wrote  the  sum- 
mary of  his  address,  which  was  finally,  with  those  of  Howison, 
Royce,  and  Mezes,  published  in  a  book  by  the  Macmillans.  He 
also  wrot«,  by  invitation,  a  memoir  of  the  life  of  J.  D.  Dana, 
which  was  read  at  the  meeting  of  the  Geological  Society  of 
America  and  subsequently  published  as  a  bulletin,  and  also  in 
Dr.  Gilman's  "Life  of  Dana." 

In  January,  1896,  he  gave  up  his  undergraduate  classes,  which 
had  become  excessively  large,  and  thenceforth  gave  mainly  grad- 
uate cotirses  in  geology  and  comparative  physiology.  This 
change  he  greatly  regretted,  for  he  enjoyed  the  undergraduate 
teaching;  but  the  revision  of  examination  papers  became  too 
irksome. 

In  this  year  the  students  began  to  take  notice  of  his  birthday, 
which  until  his  death  was  manifested  by  decorating  his  room  and 
lecture-table  and  by  the  giving  of  some  valuable  present,  among 
which  was  a  portrait  of  Agassiz.  Even  when,  in  1901,  he  was 
absent  in  Georgia,  he  received  a  congratulatory  telegram  from 
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the  students;  and  for  a  number  of  years  after  liis  death,  formal 
memorial  exercises  were  held  on  that  day. 

The  year  1896  was  a  ver}'  prolific  one  with  him,  his  first  paper 
being  on  "The  Relations  of  Biology  to  Philosophy/'  This  paper 
was  read  at  a  number  of  philosophical  meetings  at  the  East  also, 
and  subsequently  published,  without  his  permission,  and  with 
many  misprints,  in  The  Arena,  Later  he  wrote  an  article  en- 
titled "From  Animal  to  Man,"  published  in  The  Monist  In 
summer  he  attended  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science  at  Buffalo,  and  presided  over 
that  of  the  Geological  Society  of  America,  which  was  notable 
because  it  was  in  honor  of  the  sixtieth  anniversar}'  of  Prof. 
James  Hall's  activity  on  the  geology  of  the  State  of  New  York. 
Le  Conte  delivered  one  of  the  addresses,  which  was  subsequently 
published  in  Science. 

After  supervising  the  new  editions  of  his  "Elements  of  Ge- 
ology" and  his  book  on  "Sight,"  he  early  in  September  sailed 
for  England.  The  special  object  of  this  trip  was  to  attend  the 
Liverj)ool  meeting  of  the  British  Association  for  the  Advance- 
ment of  Science*,  to  which  he  liad  been  specially  invited.  Here 
he  met  manv  old  frituicis  and  made  a  number  of  new  ones — 
among  others,  Her])ert  Spencer,  who  invited  him  to  luncheon; 
also  Mr.  Carnegie,  who  invited  him  to  the  i)rivileges  of  the 
Athenaeum,  in  London. 

IjC  Conte's  stay  in  England  was  brief,  as  he  was  to  be  present 
at  the  sesquicentennial  celebration  of  the  CV)llege  of  New  Jersey, 
on  changing  its  title  to  that  of  Princeton  l^niversity.  Here  the 
title  of  LL.  1).  was  again  conferred  upon  him,  and  esteciiuKl  by 
him  a  distinguished  honor. 

After  the  celebration  he  visited  Harvard  Universitv  as  the 

■ 

gucint  of  his  former  pupil,  Josiali  I^)yce,  and  spent  a  fortnight 
among  many  old  friends,  including  Mrs.  Agassiz,  Alexander 
Agassiz,  jVfrs.  Asa  Gray,  and  James  Peirce;  dining  also  ^vith  a 
"Berkelev  colonv"  of  twentv  or  more  former  students. 

After  attending  the  meeting  of  the  National  Academy  at  New 
York,  in  November,  he  presided  at  the  meeting  of  the  Geological 
Society  in  December.  At  tlie  latter  meeting  he  gave  an  address 
on   "Crust  ^lovements  and  Their  Causes,"  which  was  printed 
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as  a  bulletin  of  the  society  and  also  in  the  Report  of  the  Regents 
of  the  Smithsonian  Institution  for  1896. 

Immediately  after  this  mwting  he  joined  his  wife  and  daugh- 
ter in  the  South,  and  celebrated  his  golden  wedding  at  the  house 
of  his  elder  daughter,  at  Scottsboro,  only  two  miles  from  Mid- 
way, where  the  marriage  originally  took  place.  All  the  children 
and  grandchildren,  with  many  other  friends,  attended  the  happy 
occasion,  which  was  still  further  enlivened  by  numerous  tele- 
grams, presents,  and  congratulations  from  the  regents  and 
faculty  of  the  University  of  California,  and  other  distant  friends. 
Subsequently,  on  his  return  to  California,  a  public  reception 
was  given  him  and  Mrs.  Le  Conte  by  the  alumni  of  the  uni- 
versity, with  the  presentation  of  a  golden  loving-cup,  at  the 
Hopkins  Art  Institute;  followed  later  by  a  dinner  given  by  the 
faculty. 

The  summer  vacation  of  1897  he  again  passed  in  the  Yosemite 
Valley,  his  son  and  daughter  camping.  He  also  made  an  ex- 
cursion to  Clouds  Rest  and  the  Little  Yosemite,  and  he  once 
more  thought  it  would  probably  be  the  last  time  that  he  should 
see  these  wonders. 

In  1898  he  published  a  new  and  revised  edition  of  the  "Com- 
j)end  of  Geology'^  and  on  Charter  Day  delivered  an  address  on 
"The  True  Idea  of  a  University,"  subsequently  printed  in  the 
University  Chronicle,  He  also  contributed  to  the  Philosophical 
Union's  discussions  on  "The  Will  to  Believe,"  and  a  paj)er  on 
"The  Religious  Significance  of  Science." 

During  1899  he  wrote  and  published  in  the  Journal  of  Oe- 
ology  what  he  himself  regards  as  one  of  his  most  important 
geological  papers,  on  "The  Ozarkian  and  Its  Significance  in 
Theoretical  Geology,"  which  discusses  the  important  unconform- 
ities and  erosions  due  to  extended  oscillations  of  the  continent 
at  the  beginning  of  the  Quaternary  era. 

In  January  and  February,  1900,  he  published,  in  the  Popular 
Science  Monthly,  a  popular  article  entitled  "A  Century  of  Ge- 
ology," wherein  he  traces  the  evolution  of  geologic  thought  dur- 
ing the  nineteenth  century;  illustrating  strikingly  its  develop- 
ment from  mere  infancy  to  the  commanding  position  it  now 
occupies  among  the  natural  sciences,  notably  its  influence  upon 
general  scientific  as  well  as  philosophical  and  religious  thought ; 
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overcoming  one  after  another  the  various  plirases  of  opposition 
b}'  the  invincible  logic  of  its  facts  and  logical  inferences  there- 
from, and  later  substituting  for  the  cataclysmic  theories  enter- 
tained at  first,  the  conception  by  Lyell  of  slow  and  measured 
agencies,  as  observed  today ;  which  was  in  its  turn  modified  by 
the  recognition  of  "critical  periods^'  occurring  from  time  to  time, 
when  changes  were  rapid  and  intense. 

Feeling  in  good  health  and  spirits,  despite  his  77  years,  and 
yearning  once  more  for  the  High  Sierra,  he  joined  a  camping 
tour  undertaken  by  his  son  Joseph  into  the  Kings  Kiver  Caiion. 
He  was  in  camp  for  six  weeks,  part  of  the  time  at  an  altitude  of 
11,000  feet  and  once  at  12,000,  he  being  in  perfect  health  all  the 
time  and  greatly  enjoying  himself.  An  account  of  this  trip  was 
published  by  him  in  the  October  number  oiSimset,  1900. 

Having  again  been  given  leave  of  absence  for  one  year  by  the 
regents,  in  order  that  he  might  attend  the  congresses  of  the 
natural  sciences  which  were  to  meet  at  Paris  at  the  close  of  the 
century,  he  made  preparations  to  go,  but  gave  it  up  on  account 
of  the  ill  health  of  his  daughter  Caroline.  In  September,  nev- 
ertheless, he  went  to  New  York  with  his  wife  to  cross  the  At- 
lantic, but  was  himself  taken  ill  with  the  grij)pe  and  had  to 
relinquish  the  voyage.  lie  then  went  South,  to  his  elder  daugh- 
ters home,  soon  recovered,  and  s])ent  the  winter  among  his 
children  and  grandchildren.  He  still  hoped  to  go  to  Europe  in 
the  8[)ring,  but  his  wife  yearned  for  home,  and  they  returned  to 
Berkelev  in  March.  As  his  son  was  to  marrv  in  June,  he  finallv 
relinquished  the  European  trip. 

After  the  wedding,  which  was  also  attended  by  his  eldest 
daughter,  ^Irs.  Davis,  long  a  resident  of  South  Carolina,  he  de- 
termined to  revisit  the  Yosemite  Valley  in  company  with  Mrs. 
Davis,  who  had  never  seen  it.  Mrs.  Tjc  Conte  was  anxious  about 
the  effect  of  the  trip  upon  his  reduced  strength,  but  her  ob- 
jections were  overcome  by  his  enthusiasm  and  ardent  wishes, 
and  so  he  left  home  in  June,  1901.  for  his  eleventh  visit  to  the 
wonderful  valley,  via  Wawona  and  the  Mariposa  Grove.  On 
July  3  he  arrived  at  C^amp  Curry,  the  rendezvous  of  the  Sierra 
Club,  somewhat  fatigued,  but  joyous  and  enthusiastic  as  ever. 

Professor  Frank  Soule,  of  the  University  of  California,  one  of 
his  companions  on  this  trip,  as  he  had  been  thirty-one  years  be- 
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fore,  thus  describes  the  events  of  these  last  days  of  I^e  Conte's 
life: 

"He  spent  the  next  two  days  driving  around  the  valley  with 
his  daughter  and  her  friends,  in  walking  to  objects  near  at  hand, 
or,  during  intervals  of  rest,  in  chatting  with  his  numerous 
friends  and  the  strangers  who  insisted  on  meeting  him.  He  was 
geniality  and  hospitality  personified,  a  Southern  gentleman  of 
the  old  school,  and  undoubtedly  his  physical  strength  was  thus 
severely  overtaxed  during  these  two  days.  The  history  of  his 
eariier  trips,  his  hypothesis  of  the  formation  of  the  valley,  and 
geological  questions  innumerable,  were  all  gone  over  patiently  for 
the  edification  of  his  ever-gathering  listeners.  But  nature  gave 
out  at  last.  On  the  evening  of  July  5  the  sad  words  were  whis- 
pered around  camp  that  *dear  Dr.  Joe  is  very  ill.'  He  was  in 
great  physical  pain,  caused  by  angina  pectoris,  but  his  daughter 
and  their  intimate  friends  did  ever}'thing  possible  throughout 
the  night  to  alleviate  his  sufferings.  In  the  morning  he  seemed 
to  be  resting  comfortably,  so  much  so  that  his  physician  left  his 
bedside  to  procure  additional  medicine  from  the  hotel.  At  10 
a.  m.  Dr.  Le  Conte  turned  on  his  left  side.  "His  watchful  daugh- 
ter at  once  noticed  a  great  change  coming  over  his  face,  and  said, 
^Do  not  lie  on  your  left  side,  father ;  you  know  it  is  not  good  for 
you.'  He  smiled  and  uttered  his  last  words  in  life,  *It  does  not 
matter,  daughter.'    In  five  minutes  he  was  dead. 

"Only  24  hours  previously  he  had  visited  with  his  party  the 
picturesque  Vernal  Falls,  and  while  there  had  good-humoredly 
consented  to  be  photographed,  affording  the  last  picture  of  him 
ever  taken." 

Scores  of  friends  quickly  gathered,  and  university  students 
and  graduates  prepared  his  casket,  bound  it  upon  the  stage-coach, 
and  covered  it  with  laurels  and  pines.  Thus  Joseph  Le  Conte 
set  out  on  his  last  return  from  the  valley,  escorted  by  his  daugh- 
ter and  one  friend. 

The  funeral,  which  took  place  on  July  13,  was  a  remarkable 
manifestation  of  the  respect  and  affection  in  which  he  was  held, 
not  only  by  all  connected  with  the  University  of  California,  but 
also  by  the  people  of  the  surrounding  cities  and  of  the  State  at 
large.  Many  came  from  long  distances  to  pay  this  last  tribute 
of  respect  to  Joseph    Le  Conte;    the    regents,    faculties,  an5 
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students  of  the  university,  where  all  exercises  liad  been  sus- 
|)(»nded  for  tlie  day,  and  a  long  line  of  carriages  formed  an  im- 
posing procession,  accompanying  tlio  body  to  Mountain  View 
Cemetery,  near  Oakland,  wliere  it  was  interred  alongside  of  liis 
brother  tFohn.  A  few  months  later  the  grave  was  marked  with 
a  large  granite  boulder  jprocured  by  tlie  Sierra  Club  from  the 
vicinity  of  the  camp  where  he  died,  in  the  Yosemite  Valley. 

On  August  21  following,  at  the  opening  of  the  academic  year, 
memorial  exercises  were  held  in  the  presence  of  a  large  audi- 
ence in  the  hall  of  the  Harmon  Gymnasium,  addresses  being  de- 
livered by  members  of  the  faculty,  almnni,  and  students.  Memo- 
rial ceremonies  still  continue  to  be  observed  annually,  at  the 
University,  on  February  26,  Joseph  TjC  Contc's  birthday,  at  the 
foot  of  a  venerable  oak  dedicated  to  the  two  brothers  by  the 
students. 

Joseph  Le  Conte  is  survived  by  his  wife,  three  daughters,  and 
one  son. 

Digest  of  Joseph  Le  Conte's  Major  Writings. 

1.    scientific  PITBLICATIONS. 

A.  Oeologival. 

Le  Conte's  first  geological  paper  after  his  arrival  in  Cali- 
fornia was  evidently  suggested  by  his  observations  in  the  Sierra 
Nevada  and  the  Coast  Range,  in  1870  and  the  next  succeeding 
vears.  His  "Theory  of  tlie  Formation  of  the  Great  Features  of 
the  Eartirs  Surface,"  published  in  the  Aviencan  Journal  of 
Science  in  November,  1872,  outlines  essentially  the  views  which 
he  presented  more  elaborately  in  later  papers  on  related  subjects, 
notablv  in  his  "Keplv  to  the  Criticisms  of  T.  S.  Hunt''  on  the 
above  paper  (1873),  and  later  in  that  on  *'Evidences  of  Hori 
zontal  Crushing  in  the  Fonnation  of  the  Coast  Range  of  Cali- 
fornia" (187G).  In  the  first  of  the  above  papers  he  formulates 
into  a  definite  theory  the  ideas  theretofore  advanced  by  Her- 
shell.  Scrape,  Lvell,  Hunt,  and  Hall,  viz.,  the  solidity  of  the 
earth's  interior  and  the  aqueo-igneous  fusion  of  the  deeply 
buried  sediments  by  the  rise  of  the  geo-i  so  therms.  At  this  point 
IjC  (^onte  adds  the  important  suggestion  that  such  fusion  cre- 
ated lines  or  belts  of  weakness,  which,  with  the  effwt  of  SK'ular 
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In  a  later  paper  (1878)  Le  Conte  replies  elaborately  to  criti- 
cisms made  by  Dutton,  combating  the  contraction  of  the  earth 
by  cooling  as  an  agency  in  mountain-making.  Later  papers  on 
the  same  subject  appeared  in  the  Philosophical  Magazine  (1888), 
in  the  American  Geologist  (1889),  and  in  the  presidential  ad- 
dress delivered  by  him  before  the  American  Association  for  the 
Advancement  of  Science,  1893.  The  views  there  given  are  those 
embodied  in  the  last  edition  of  his  "Elements  of  Geology,^'  re- 
vised by  himself  in  1902,  and  do  not  materially  differ  from  those 
quoted  above. 

Le  Conte  considers  as  one  of  his  most  important  geological 
papers  that  on  "Critical  Periods  in  the  History  of  the  Earth  and 
their  Eelation  to  Evolution;  and  on  the  Quaternary  as  Such  a 
Period,"  published  in  1877.  It  is  the  most  comprehensive  and 
probably  the  most  widely  interesting  of  his  single  papers,  com- 
prehending as  it  does  the  geological,  geo-physical,  paleonto- 
logical,  and  evolutionary  points  of  view,  including  the  preemi- 
nent significence  of  the  advent  of  man  upon  earth.  It  is  at  this 
time  the  more  interesting  ^s,  by  an  unconscious  reaction  toward 
Agassiz'  contentions,  he  is  lead  to  anticipate  the  modem  theory 
ot  "Mutation"  in  connection  with  evolution,  designating  the 
process  as  "the  fact  of  paroxysmal  movement  of  organic  evolu- 
tion." An  organism,  he  says,  may  be  regarded  as  }>eing  under 
the  influence  of  two  opposing  forces,  the  one — heredity,  rigidity 
of  type — conservative;  the  other,  the  pressure  of  changing  en- 
vironment and  conditions,  aided  possibly  by  an  inherent  tendency 
toward  change.  The  latter  may  for  some  time  accumulate  but 
make  little  impression,  but  finally,  the  resistance  giving  way,  the 
organic  form  breaks  up  into  a  number  of  fantastic  sports,  which 
are  at  once  seized  upon  by  natural  selection.  If  for  the  word 
"sports"  we  substitute  "mutations,"  we  have  the  essentials  of 
Be  Vries'  views  and  observations,  in  which  natural  selection  also 
soon  eliminates  a  number  of  non-viable  mutations. 

The  critical  periods  he  discusses  are  those  characterized  by 
unconformities  in  the  geological  series,  which  he  considers  as 
marking  changes  in  the  rate  of  evolution,  "periods  when  the 
forces  of  change  are  active,  instead  of  potential"  as  in  times 
when  conformable  rocks  are  being  made.     The  critical  periods 
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are  periods  of  lost  records,  because  they  were  continental;  and 
the  farther  back  we  go  in  geological  and  human  history,  the 
longer  are  the  gaps  and  the  more  irrecoverable  the  records.  The 
first  and  the  greatest  observable  break  is  that  between  the 
Archean  and  the  Paleozoic.  The  former  ends  with  merely 
protozoan  life,  hardly  yet  differentiated  into  fauna  and  flora. 
The  primordial  record  opens  with  a  varied  and  already  highly 
organized  fauna,  including  an  enormous  evolutionary  interval. 
The  next  general  unconformity  occurs  between  the  Paleozoic 
and  Mesozoic,  "the  most  sweeping  change  in  the  forms  of  or- 
ganisms that  has  ever  occurnnl  in  the  history  of  the  earth,  even 
though  partly  bridged  by  the  Permian." 

Far  less  in  time  and  in  sweeping  character  is  the  lost  interval 
between  the  Mesozoic  and  the  Cenozoic,  the  Cretaceous  and  the 
T(»rtiarv.  Here  conforraitv  is  not  uncommon,  hut  the  break 
in  the  continuity  of  the  fauna  is  very  great  all  over  the  world; 
the  relatively  short  interval  and  the  great  change  from  the  crest 
of  saurian  development  ending  the  Cretaceous,  and  the  great 
mammalian  evolution  in  the  Tertiary,  is  so  great  that  it  can 
only  be  explained  by  migration  from  wliere  marsupial  forms 
had  existed  even  from  Jurassic  times.  Tlie  disappearance  of  the 
Cretaceous  ocean  and  its  replacement  hy  groat  lakes  in  tlie  Basin 
region  was  doubtless  a  powerful  agency  in  bringing  about  these 
changes  in  America. 

Tlie  early  Quatemar}-  was  also  to  a  marked  degree  a  conti- 
nental period,  one  of  great  and  widespread  oscillations,  upheaval, 
downsinking  and  reelevation,  with  unconformities  on  a  grand 
scale.  ITe  discusses  this  interval  specially  in  a  pa])er  published 
in  1809,  "On  the  Ozarkian  and  its  Signiticance  in  Theoretical 
Ceology,"  emphasizing  particularly  the  important  unconfonni- 
ties  and  protracted  and  incisive  erosioual  activity  marking  the  in- 
terval of  time  between  the  latest  Tertiary  and  the  earliest  Quater- 
nary; when  during  extended  continental  elevations  there  were 
formed  the  deep  and  abrupt  canons  of  the  Ozark  range,  the 
sculpturing  of  the  coastal  plain  of  the  Gulf  States,  prior  as  well 
as  subsequent  to  the  Lafayette  epoch :  the  formation  of  the  now 
submerged  river  channels  of  the  Atlantic  coast,  and,  greatest  of 
all,  the  excavation  of  the  ])resent  river  channels  of  the  Sierra 
Nevada  and  of  the  inner  caiion  of  the  Colorado.    Le  Conte  csti- 
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mates  that  this  erosional  interval  must  have  been  quite  as  long, 
and  probably  longer,  than  the  Glacial  Epoch  itself.  There  were 
thus  great  changes  in  physical  geography,  permitting  inter- 
continental migration  of  mammals  and  forcing  the  retreat  of 
organic  forms  adapted  to  temperate  and  warm  climat^  south- 
ward, both  on  land  and  sea;  with  a  subsequent  return  of  arctic 
forms  northward  and  upon  mountains,  where  they  were  left 
stranded  in  isolation.  Th^  disappearance  of  the  great  Pliocene 
mediterranean  lake  separating  eastern  from  western  America 
likewise  brought  about  or  permitted  important  changes.  Yet 
great  as  these  changes  were,  they  arc  incomparably,  less  than 
those  of  previous  critical  periods,  in  which  not  species  but  genera, 
families,  and  even  orders  appeared  and  disappeared.  The  con- 
clusion is  that  the  previous  critical  periods  or  lost  intervals  were 
far  longer  than  the  whole  Quaternary,  or  that  the  rate  of  evolu- 
tion was  far  more  rapid  in  those  earlier  times. 

In  view  of  all  the  facts,  Le  Conte  claims  that  the  Quaternary, 
as  a  critical  period,  should  be  considered  as  separating  the 
Cenozoic  from  the  Present,  or  Psychozoic,  or  Age  of  Man.  "Not 
that  man  was  not  in  existence  in  the  early  Quaternary,  just  as 
fishes  existed  before  the  Age  of  Fishes.  It  is  the  culmination 
of  a  fauna  or  flora,  not  iheir  first  beginnings,  that  should  be 
considered  as  characterizing  an  *age.' " 

Next  in  importance  to  the  above  papers  of  wide  scope  and  in- 
terest stands  that  on  "The  Old  River  Beds  of  California,"  which 
was  written  by  him  as  the  result  of  an  exploration  of  the  Yuba 
River  and  its  hydraulic  mines  (1880).  It  suggested  to  him  the 
important  idea  of  a  rejuvenation  of  the  Siiprra  Nevada  at  the 
end  of  the  Tertiary — a  to])ic  wliich  is  more  fully  elaborated  in 
his  ''Elements  of  (feology,"  pages  591  to  593. 

His  paper  "On  Some  of  the  Ancient  Glaciers  of  the  Sierra 
Nevada"  was  based  upon  his  observations,  first  made  in  1874, 
near  Lake  Tahoe,  which  he  subse(|uently  supplemented  elsewhere 
in  the  Sierra  Nevada;  convincing  himself,  among  other  things, 
of  the  former  occupancy  of  the  Yosemite  Valley  by  a  glacier, 
which  Whitney  had  at  first  believed,  but  afterwards  rejected. 
Le  Conte  bases  his  conclusions  upon  the  general  forms  of  the 
rocky  sides  of  the  valley  and  the  characteristic  lake-meadows 
marking  the  retreat  of  the  glacier,  even  though  moraines  and 
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scorings  are  not  much  in  evidence.  The  rapid  weathering  of 
the  Yosemite  granites  would  inevitably  obliterate  the  latter  in  a 
relatively  short  time.  Investigations  made  since  in  other  parts 
of  the  Sierra  have  clearly  proven  the  former  prej^ence  of  numer- 
<)\is  glaciers  of  vast  extent  in  the  principal  valleys  of  the  Sierra, 
and  Le  Conte,  as  well  as  the  writer,  thinks  that  there  is  good 
evidence  that  even  the  Coast  Range  was  at  one  time  glaciated. 

In  1881  he,  in  company  with  Professor  Rising,  of  the  Uni- 
versity of  California,  made  a  special  examination  of  the  "Sul- 
phur Banks"  quicksilver  mines,  where  he  saw  cinnabar  vein- 
formation  in  actual  progress.  These  observations  were  discussed 
in  a  paper  published  in  1882  in  the  American  Journal  of  Sci- 
ence. In  that  year  he  also  made  another  trip  to  the  Yosemite 
Valley,  and  while  there  heard  of  the  discovery  of  the  "Carson 
Footprints,"  which  he  examined,  together  with  the  Steamboat 
Springs  of  Nevada.  He  determined  the  footprints  to  be  those 
of  animals  of  late  Tertiary  age.  The  results  of  these  inves- 
tigations were  published  in  1883. 

B.  Bioloijical  Writings. 

Le  Conte's  book  on  "Sight,"  first  published  in  188i  and  again 
in  1897,  as  volume  31  of  the  Tnternaticmal  Scientific  Series,  by 
the  Appletons,  is  perhaps  the  most  striking  illustration  of  the 
accuracv  of  his  habit  of  observation,  and  the  best  refutation  of 
the  criticism  made  of  his  g(H)logical  work  by  sticklers  for  spe- 
cialization, viz.,  that  he  failed  to  show  himself  a  good  field  geol- 
ogist. I^ndoubtedly  his  bent  of  mind  lay  rath(M'  in  the  direction 
of  generalizations  from  facts,  whether  observed  by  hinis(»lf  or 
others;  but  when  he  neede*!  additional  fact*;  for  his  |)urposes,  no 
one  was  more  apt  and  ingenious  in  d(»vising  and  carrying  out  the 
needful  ex}K»riments  and  observations.  The  ])()wer  and  faculty 
of  generalization  is  infinitely  more  rare  and  friiitful  than  that 
of  narrow  specialization,  but  it  nowise  impairs,  netn^ssarily,  that 
of  accurate  observation.  Tt  is  when  superficial  knowledge  at- 
tempts generalization  that  discredit  does  and  should  attach  to  it. 

As  regards  vision,  he  was  specially  qualified  by  the  j)os8ession 
of  excellent,  strong,  and  normal  eyes,  which  lasted  unimpaired 
to  the  last:  enabling  him,  with  the  aid  of  persistent  practice,  to 
execute  with  little  difficulty  experiments  that  had  failed  with 
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BIOGRAPHICAL  MEMOIR  OF  LEWIS  HENRY  MORGAN. 


IjEWIs  Henry  Morgan,  lawyer,  statesnikn,  and  ethnologist, 
was  born  in  Aurora,  New  York,  November  21,  1818,  of  dis- 
tinguished New  England  ancestry,  numerous  members  of  his 
family  having  held  places  of  trust  in  the  community  and  state. 
His  father  was  Jeremiah  Morgan  and  his  mother  Harriet 
Steele.  He  was  graduated  from  Union  College  in  1840,  and 
received  the  degree  of  LL.D.  from  that  institution  in  1875.  In 
1851  he  was  married  to  his  cousin,  Miss  Mary  A.  Steele,  of 
Albany.  Shortly  after  his  graduation  he  was  admitted  to  the  bar 
in  Rochester,  where  he  formed  a  partnership  with  George  F. 
Danforth,  aftemard  judge  of  the  Court  of  Appeals.  In  1855  he 
became  associated  as  legal  adviser  with  a  railroad  in  course  of 
construction  between  Marquette,  Michigan,  and  the  Lake  Su- 
perior iron  region,  and  for  a  few  years  found  it  necessary  to 
spend  much  of  his  time  in  the  West.  Later  he  was  able  in  a 
measure  to  devote  his  energies  to  political  affairs,  and  was  elected 
to  the  New  York  State  Assembly  in  1861,  and  to  the  Senate 
in  1868. 

It  was  Morgan's  achievements  as  an  ethnologist,  however, 
that  brought  to  him  permanent  fame  and  finally  gave  him  his 
position  in  the  world  of  science,  which  was  signalized  by  ad- 
mission to  the  National  Academy  of  Sciences  in  1875.  The 
circumstances  which  led  to  his  interest  in  ethnology  are  worthy 
of  record  and  serve  to  illustrate  the  character  and  tastes  of  the 
man.  As  a  member  of  a  secret  society  called  "The  Gordian 
Knot,"  shortly  after  admission  to  the  bar  in  Rochester,  in  1840, 
he  became  closely  associated  with  Ely  S.  Parker,  a  Seneca  In- 
dian, who  came  from  Tonawanda  to  Rochester  to  complete  his 
education  and  who  acquired  prominence  during  the  Civil  War 
as  a  member  of  General  Grant's  staff,  and  later  as  Commissioner 
of  Indian  Affairs.  Through  his  association  with  Parker,  Morgan 
conceived  the  idea  of  organizing  The  Gordian  Knot  on  the 

basis  of  the  League  of  the  Iroquois,  and  a  study  of  this  re- 
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markable  institution  followed.  The  society  in  its  new  form  was 
known  to  the  public  as  "The  Grand  Order  of  the  Iroquois/* 
but  for  its  members  had  the  title  We-yo-ba-yo-de-za-de  Na-bo- 
d^-no-sau-nee,  "They  who  live  in  the  home  of  the  dwellers  in 
the  long  house.*'*  The  scheme  was  laimched  with  much  en- 
thusiasm and  the  organization  became  popular  for  a  time 
throughout  western  New  York,  but  it  met  with  slight  response 
on  the  part  of  the  Indians. 

It  was  the  chief  purpose  of  Morgan  and  his  associates  to  de- 
vote the  energies  of  the  new  society  to  the  study  and  perpetua- 
tion of  Indian  lore,  the  education  of  the  Indian  tribes,  and  the 
reconciliation  of  these  tribes  with  the  conditions  imposed  by 
civilization.  The  most  important  result  of  the  movement,  how- 
ever, was  the  insight  acquired  by  Morgan  into  Iroquois  insti- 
tutions, thus  laying  the  foundation  of  his  epoch-making  investi- 
gations among  the  American  tribes  as  well  as  in  the  wider  field 
of  world  anthropology.  His  intimacy  with  these  people  was 
much  enhanced  by  an  event  which  may  be  mentioned  in  this 
place.  A  certain  land  company  had  secured  pre-emptive 
rights  to  purchase  the  lands  of  the  Indian  reservations  in 
New  York  whenever  the  Indians  should  be  willing  to  sell, 
and  a  treaty  confirming  this  agreement  was  before  the  United 
States  Senate  for  ratification.  The  disastrous  effect  on  the 
future  of  the  tribes  of  the  establishment  of  this  claim  was  real- 
ized by  the  society,  and,  with  a  view  of  defeating  the  measure, 
Morgan  was  sent  to  Washington,  where  he  met  with  entire  suc- 
cess in  his  mission.  He  thus  became  widely  known  and  exceed- 
ingly popular  among  the  tribes,  and  on  October  1,  1847,  was 
adopted  into  the  Hawk  clan  of  the  Seneca  nation  as  the  Son 
of  Jimmy  Johnson,  "So-se-ba-wa,"  receiving  the  name  of  Ta- 
ya-da-o-wub-kub,  or  "One  Lying  Across" — that  is,  a  bridge  or 
bond  of  union  between  the  Indians  and  the  white  men.f  He 
now  found  himself  admitted  to  the  innermost  circles  of  native 
society,  and,  once  there,  he  embraced  every  opportunity  to  pur- 
sue his  investigations.     Between  1844  and  1846  various  papers 


•  Porter,  in  League  of  the  IroQuois,  edition  of  1904,  Vol.  II,  p.  165, 
Appendix  B. 
f  Lloyd,  League  of  the  Iroquois,  p.  163. 


LEWIS  HENRY  MORGAN. 

embodying  the  results  of  his  researches  among  the  Senecas  were 
read  before  the  councils  of  the  newly  organized  society,  and, 
amplified  and  rearranged,  were  published,  under  the  title  of 
"Ijetters  on  the  Iroquois/'  in  The  American  Review.  In  1846 
he  read  before  the  New  York  Historical  Society  an  essay  on  "The 
Constitutional  Government  of  the  Six  Nations  of  Indians,"  era- 
bodying  much  of  the  matter  contained  in  the  Letters;  and  in 
1848  reprinted  eleven  of  the  Letters  in  The  Olden  Time,  an  anti- 
quarian magazine  published  in  Pittsburg.  In  1849  the  New 
York  State  University  made  an  appropriation  for  the  enlarge- 
ment of  its  Indian  collection,  and  entrusted  the  execution  of  the 
resolution  to  Morgan,  who  submitted  a  report  of  much  interest, 
which  is  indispensable  to  an  understanding  of  the  various  Iro- 
quoian  artifacts  of  that  period.  Finally  the  materials  thus  ac- 
cumulated, along  with  some  new  matter  relating  to  the  customs 
and  beliefs  of  the  Indians,  appeared  as  "The  League  of  the 
Iroquois,"  which  Powell  refers  to  as  "the  first  scientific  account 
of  an  Indian  tribe  ever  given  to  the  world,*'  and  which  is  justly 
estimated  by  Lloyd  as  entitling  Morgan  to  the  name  of  "Father 
of  American  Anthropology."  The  dedication  reads:  "To  Hasa- 
no-du-da,  Ely  S.  Parker,  a  Seneca  Indian,  this  work,  the  ma- 
terials of  which  are  the  fruits  of  our  joint  researches,  is  in- 
scribed in  acknowledgment  of  the  obligations  and  in  testimony 
of  the  friendship  of  the  author." 

In  1856,  while  still  engaged  in  the  practice  of  law,  Morgan 
read  a  paper  before  the  Albany  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  on  "The  Laws  of  De- 
scent  of  the  Iroquois,"  which  excited  so  much  interest  that  he 
decided  to  turn  again  actively  to  ethnological  pursuits. 

While  at  Marquette  on  business  connected  with  his  railroad 
interests  (1858),  he  became  acquainted  with  an  encampment  of 
the  Ojibwa  Indians,  belonging  to  the  Algonquian  family,  and 
hence  distinct  in  language  from  the  Iroquois,  and  soon  learned 
that  the  kinship  system  of  these  people  corresponded  closely  with 
that  of  the  tribes  of  the  League.  This  was  unexpected,  as  he 
had  reached  the  conclusion  that  the  Iroquois  system  was  prob- 
ably unique.  He  was  thus  led  to  the  study  of  other  tribes,  and 
for  a  number  of  years  pursued  his  investigations   in  various 
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sections  of  the  country,  extending  his  journeys  to  Kansas,  Ne- 
braska, the  upper  Missouri,  Lake  Winnipeg,  and  the  Hudson 
Bay  Territory.  In  the  end  he  had  brought  together  the  systems 
of  relationship  of  upward  of  seventy  Indian  tribes,  speaking  as 
many  independent  dialects.  The  final  conclusion  reached  was, 
that  the  kinship  system  of  the  Iroquois  was  practically  that 
of  the  aborigines  of  the  continent.*  Seeking  to  enlarge  his 
field  of  observation  still  further,  schedules  intended  for  record- 
ing the  kinship  of  the  tribes  were  widely  distributed,  and  his 
researches  thus  extended  to  the  primitive  world  in  general.  The 
materials  collected  through  the  medium  of  an  extensive  cor- 
respondence were  classified  and  finally  published  by  the  Smith- 
sonian Institution  as  volume  XVII  of  its  Contributions  to 
Knowledge,  entitled  "Systems  of  Consanguinity  and  Affinity 
of  the  Human  Family^'  (1871).  It  is  a  quarto  volume  of  about 
six  hundred  pages,  and  constitutes  a  model  of  inductive  re- 
search, embodying  a  record  of  the  kinship  systems  of  eighty 
tribes  of  North  America,  together  with  those  of  a  great  number 
of  the  principal  nations  and  tribes  of  the  Old  World  and  the 
islands  of  the  Pacific. 

"This  publication,"  says  Powell,  "marks-  a  most  important 
epoch  in  anthropologic  research.  Prior  to  its  appearance  the 
social  and  governmental  institutions  of  mankind  antecedent  to 
the  evolution  of  civilization  were  to  a  large  extent  imknown 
Travelers  and  various  persons  more  or  less  familiar  with  tribal 
life  had  put  on  record  many  curious  facts,  and  the  compilation 
of  these  facts  by  scholars  had  resulted  in  the  accumulation  of 
incoherent  and  inconsistent  materials,  about  which  more  or  less 
crude  and  fanciful  speculations  were  made;  but  the  essential 
characteristics  of  tribal  society,  as  based  upon  kinship  in  bar- 
barism and  upon  communal  marriage  in  savagery,  were  un- 
known."! 

^[organ's   researches   at   this   period   were,   however,   not   re- 
stricted to  the  study  of  the  human  subject.     While  in  the  West 


♦  Conjectural  Solution  of  the  Origin  of  the  Classiflcatory  System  ol 
Uelationshlp.  Proc.  Am.  Acad,  of  Aria  and  Scicncca,  Vol.  VII,  Feb- 
ruary. 1868. 

4-  Popular  Science  Monthly,  Vol.  VIII,  p.  117.  , 
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on  business  connected  with  railroad  enterprises,  he  became  in- 
terested in  the  habits  of  the  beaver,  and  in  1868  published  a 
volume  entitled  "The  American  Beaver  and  His  Works."  The 
extensive  series  of  observations  embodied  in  this  work  were  be- 
gun while  he  was  engaged  in  trout  fishing  in  the  wilds  of  Michi- 
gan.    The  following  paragraph  is  from  his  preface: 

"Our  course,  in  passing  up  and  down,  was  obstructed  by 
beaver-dams  at  short  intervals,  from  two  to  three  feet  high,  over 
which  we  were  compelled  to  draw  our  boat.  Their  numbers 
and  magnitude  could  not  fail  to  surprise  as  well  as  interest  any 
observer.  Although  constructed  in  the  solitude  of  the  wilderness, 
where  the  forces  of  nature  were  still  actively  at  work,  it  was 
evident  that  they  had  existed  and  been  maintained  for  centuries 
by  the  pennanent  impression  produced  upon  the  rugged  features 
of  the  country.  The  results  of  the  persevering  labors  of  the 
beaver  were  suggestive  of  human  industry.  The  streams  were 
bordered  continuously  with  beaver  meadows,  formed  by  over- 
flows by  means  of  these  dams,  which  had  destroyed  the  timber 
upon  the  adjacent  lands.  Fallen  trees,  excavated  canals,  lodges, 
and  burrows  filled  up  the  measure  of  their  works.  These  to- 
gether seemed  to  me  to  afford  a  much  greater  promise  of  pleasure 
than  could  be  gained  with  the  fish-pole,  and  very  soon,  accord- 
ingly, the  beaver  was  substituted  for  the  trout.  I  took  up  the 
subject,  as  I  did  fishing,  for  summer  recreation.  In  the  year 
1861  I  had  occasion  to  visit  the  Red  River  settlement  in  the 
Hudson's  Bay  Territory,  and  in  1862  to  ascend  the  Missouri 
River  to  the  Rocky  Mountains, — which  enabled  me  to  compare 
the  works  of  the  beaver  in  these  localities  with  those  on  Lake 
Superior.  At  the  outset  T  had  no  expectation  of  following  up 
the  subject  year  after  year,  but  was  led  on  by  the  interest  it 
awakened,  until  the  materials  collected  seemed  to  be  worth  ar- 
ranging for  publication.  Whether  this  last  surmise  is  well  or 
ill  founded,  I  am  at  least  certain  that  no  other  animal  will  be 
allowed  to  entrap  the  unambitious  author  so  completely  as  he 
confesses  himself  to  have  been  by  the  beaver." 

The  time  had  now  come  for  Morgan  to  extend  his  investiga- 
tions to  other  branches  of  research  relating  to  the  aborigines. 

The  social  organization,  especiallv  the  kinship  system,  appeared 
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to  hiiu  to  have  exercised  a  pronoiinced  influence  on  the  customs 
and  arts  of  the  peoples,  and  notably  on  their  domestic  architec- 
ture. The  study  of  this  subject  led  to  the  preparation  of  a 
series  of  articles  entitled  "The  Seven  Cities  of  Cibola,"  which 
appear  in  The  North  American  Review  for  1869.  In  these 
articles  strong  arguments  are  advanced  to  show  that  the  great 
ancient  pueblo  structures  of  New  Mexico  and  Arizona,  as  well 
as  those  of  Mexico,  were  not  the  palaces  of  princes  and  poten- 
tates, but  merely  communal  dwellings  of  exceptionally  advanced 
tribes,  and  that  their  construction  was  due  to  the  prevalence  of 
a  system  of  relationships  identical  with  that  obser\'ed  among  the 
tribes  of  the  North.  A  long  step  was  thus  taken  toward  the 
removal  of  the  misinterpretations  and  exaggerations  of  the 
Spanish  historians  and  toward  a  proper  understanding  of  the  re- 
markable culture  of  the  ancient  Mexicans. 

The  subject  of  migrations  of  the  tribes  next  engaged  his  atten- 
tion, and  in  1869  two  articles  appeared  in  the  above-mentioned 
journal,  in  which  the  idea  was  promulgated  that  the  great  valley 
of  the  Colimibia  River  had  been,  on  account  of  its  vast  natural 
food  resources,  a  cradle  of  the  tribes,  and  that'  from  this  valley 
the  overflow  of  population  passed  out  to  the  south  and  east,  to 
occupy  the  plains  and  valleys. 

Turning  his  attention  again  to  the  semi-civilized  nations  of 
Mexico,  Morgan  published  a  most  noteworthy  article  entitled 
"Montezuma's  Dinner,"  in  which  he  placed  his  own  conception 
of  this  event  in  strong  contrast  with  that  of  H.  H.  Bancroft, 
who  had  followed  the  Jiighly  imaginative  accounts  of  the  -Spanish 
conquerors.  It  was  shown  that,  stripped  of  manifest  exaggera- 
tion, the  dinner  was  the  comparatively  simple  repast  of  a  great 
elective  war  chief,  and  not  that  of  an  absolute  monarch  or 
potentate.  This  paper  was  followed  a  little  later  by  one  on  "The 
Houses  of  the  Mound  Builders,"  in  which  the  author  essays  to  re- 
construct the  habitations  of  these  people  in  accordance  with  his 
conception  of  the  necessary  architectural  accompaniment  of  the 
system  of  relationships  found  among  existing  tribes. 

The  time  had  now  come  for  Morgan,  whose  mind  passed 
readily  from  details  to  generalizations,  to  bring  together  the  re- 
sults of  his  investigations  of  tribal  society  in  a  single  treatise. 
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This  was  accomplished  in  his  epoch-making  volume  entitled 
*^Ancient  Society,"  published  in  1877  and  reissued  in  the  follow- 
ing year.  The  work  was  dedicated  to  the  Rev.  J.  11.  Macllvaine. 
late  professor  of  belles-lettres  in  Princeton  College,  who  liad 
been  a  close  friend  and  adviser  of  Morgan  for  many  years,  and 
who  pronounced  an  able  eulogy  on  the  occjision  of  his  funeral, 
cited  at  length  in  the  League  of  the  Iroquois,  edition  of  1904, 
page  1G7. 

The  treatise  on  Ancient  Society  was  divided  into  four  parts 
as  follows:  Part  T,  Growth  of  intelligence  through  inventions 
and  discoveries;  Part  IT,  (rrowth  of  the  i<lon  of  government: 
Part  III,  Growth  of  the  idea  of  the  familv;  and  Part  IV, 
(Jrowth  of  the  idea  of  ])roperty.  In  Part  I  a  comprehensive  view 
of  the  evolution  of  culture  is  given,  and  the  phenomena  are 
classified  and  subdivided  in  a  luanner  exceedingly  helpful  to  the 
historian  of  the  mce.  In  introducing  the  :^ubject  Morgan  em- 
ploys the  following  words: 

"As  we  re-ascend  along  the  several  lines  of  [)rogTes8  toward 
the  primitive  ages  of  mankind,  and  eliminate  one  after  the 
other,  in  the  order  in  which  they  appeared,  inventions  and  dis- 
coveries on  the  one  hand,  and  institutions  on  the  other,  we  are 
enabled  to  perceive  that  the  former  stand  to  each  other  in  pro- 
gressive and  the  latter  in  unfolding  relations.  AVhile  the  former 
class  have  had  a  connection,  more  or  less  direct,  the  latter  have 
been  developed  from  a  few  primary  germs  of  thought.  Modern 
institutions  plant  their  roots  in  the  period  of  barbarism,  into 
which  their  germs  were  transmitted  from  the  previous  period 
of  savagery.  They  have  had  a  lineal  descent  through  the  ages, 
with  the  streams  of  the  blood,  as  well  as  a  logical  development. 
Two  inde])endent  lines  of  investigation  thus  invite  our  attention 
The  one  leads  through  inventions  and  discoveries,  and  the  other 
through  primary  institutions.  With  the  knnwledge  gained  there- 
from, we  may  hope  to  indicate  the  principal  stages  of  human  de- 
velopment." 

These  stages,  each  of  which  represents  a  distinct  culture  and 

particular  mode  of  life,  beginning  with  the  earliest,  are:   (1) 

Savagery-,  subdivided  into  the  older,  the  middle,  and  the  later; 

(2)   barbarism,  with  thn^e  sub-periods — the  older,  the  middle, 

and  the  later;  and  (3)  civilization. 
(23)  227 
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The  arts  of  subsistence  in  their  relation  to  the  progressive 
steps  of  culture  are  discussed  in  this  chapter.  The  steps  as 
developed  are:  (1)  "Natural  subsistence  upon  fruits  and  roots 
in  a  restricted  habitat/'  which  is  described  as  a  strictly  primi- 
tive condition  preceding  the  utilization  of  fire.  (2)  "Fish  sub- 
sistence/' which  implies  the  use  of  fire,  by  which  means  man 
became  independent  of  climate  and  locality.  (3)  "Farinaceous 
subsistence,  through  cultivation."  This  begins  with  the  cultiva- 
tion of  cereals,  and  in  the  western  hemisphere  marks  the  early 
stages  of  barbarism  occupied  by  the  great  body  of  the  tribes. 
(4)  "Meat  and  milk  subsistence."  The  domestication  of  an- 
imals, which  was  not  achieved  by  the  western  world  because  of 
the  absence  of  suitable  species,  but  gave  impetus  to  the  develop- 
ment of  old  world  peoples  of  the  middle  status.  The  pos- 
session of  com,  however,  by  the  Americans  gave  such  a  strong 
impetus  to  racial  development  that  many  of  the  tribes  acquainted 
with  this,  the  greatest  of  cereals,  advanced  into  the  middle 
stages  of  barbarism.  (5)  'TJnlimited  subsistence  through  field 
agriculture."  This  period,  not  reached  by  any  of  the  American 
tribes,  witnessed  the  domestication  of  animals  and  their  employ- 
ment in  agricultural  pursuits. 

In  Part  IT  Morgan  discusses  the  different  forms  of  social  and 
political  organization  in  the  order  of  their  development,  the 
first  and  lowest  social  grouping  being  based  on  sex  relations.  In 
this  system  certain  established  groups  or  classes  of  men  have 
rights  of  mating  with  particular  groups  of  women.  Out  of  this 
form,  which  still  survives  among  numerous  peoples,  gradually 
grew  that  of  the  organization  of  society  on  the  basis  of  kinship, 
which  form  successively  took  on  higher  combinations  in  the  gens, 
the  phratry,  and  the  confederacy,  the  latter  among  the  Iroquois 
partaking  of  the  nature  of  a  purely  political  organization. 
Finally,  he  shows  by  illustrations  from  many  sources  how  these 
groupings  as  constituted  in  the  old  world  passed  upward  into 
modern  civilized  forms  of  political  government.  In  this  con- 
nection he  undertakes  to  explain  the  change  from  descent  in  the 
female  line,  prevalent  among  primitive  peoples,  to  descent  in 
the  male  line,  and  the  influence  of  property  considerations  in 
bringing  this  about. 
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In  Part  III  the  author  treats  of  the  history  of  the  family, 
pointing  out  five  successive  stages  in  its  development,  and  the 
manner  in  which  the  earlier  forms  passed  upward  into  the 
Monogamian  form  now  prevalent  throughout  most  of  the  civ- 
ilized world.     The  five  forms  are  designated  as  follows: 

1.  The  Consanguine; 

2.  The  Punaluan; 

3.  The  Syndyasmian; 

4.  The  Patriarchal; 
6.  The  Monogamian. 

It  is  obsen^ed  that  Morgan  does  not  assume  that  the  earlier 
forms  passed  uniformly  and  as  a  whole  into  the  higher  forms, 
but  that  this  order  prevailed  generally,  each  form  taking  on 
phases  varying  with  the  people  and  the  period. 

The  Consangtiine  family  was  founded  on  the  intermarriage 
of  brothers  and  sisters,  own  and  collateral,  in  a  group,  and  is 
not  now  represented,  save  sporadically,  among  even  the  most 
primitive  tribes;  but  numerous  traces  of  this  forn>  are  found 
in  the  succeeding  system,  the  Punaluan,  which  is  still  to  be 
found  among  many  peoples,  notably  the  tribes  of  India  and  the 
American  aborigines. 

The  Punaluan  form  of  the  family  follows  the  Consanguine, 
of  which  it  was  a  modification.  Its  chief  characteristics  were  the 
intermarriage  of  several  sisters,  own  and  collateral,  with  each 
others'  husbands  in  a  group,  and  of  the  intermarriage  of  sev- 
eral brothers,  own  and  collateral,  with  each  others'  wives  in  a 
group.  In  each  case  a  group  of  men  were  conjointly  married 
to  a  group  of  women.  This  family  has  existed  in  Europe,  Asia, 
and  America  within  the  historic  period,  and  in  Polynesia  within 
the  past  century.  It  prevailed  in  savagery  and  the  lower  stages 
of  barbarism,  and  among  the  Britons  persisted  until  that  people 
had  reached  the  middle  status  of  barbarism. 

The  Syndyasmian  family  was  founded  on  marriage  between 
single  pairs  but  without  exclusive  relations,  the  marriage  contin- 
uing only  during  the  pleasure  of  the  pairs.  The  pairing  was  a 
matter  of  convenience  and  arranged  by  the  parents,  more  es- 
pecially the  mothers,  with  or  without  the  consent  of  the  con- 
tracting parties.     Several  pairs  usually  dwelt  together,  forming 

229 


NATIONAL    ACADEMY    OF    SCIENCES. 

one  household  in  which  the  principle  of  communism  in  living 
was  practiced.  Jn  this  system  we  have  the  nucleus  of  the 
Monogamian  family. 

The  Patriarchal  family  was  founded  on  th6  marriage  of  one 
man  with  several  wives  and  in  general  by  the  seclusion  of  the 
wives.  The  essential  characteristic  of  this  form  was  the  organi- 
zation of  a  number  of  persons,  bond  and  free,  into  a  family 
under  paternal  power  for  the  purpose  of  holding  lands  and  for 
the  care  of  flocks  and  herds.  In  Morgan's  words,  this  family 
"marks  that  peculiar  epoch  in  human  progress  when  the  indi- 
viduality of  the  person  began  to  rise  above  the  gens,  in  which 
it  had  previously  been  merged,  craving  an  independent  life  and 
a  wider  field  of  individual  action.  Its  general  influence  tended 
pow^erfuUy  to  the  establishment  of  the  Monogamian  family, 
which  was  essential  to  the  realization  of  the  objects  sought. 
*  ♦  *  In  tlie  Consanguine  and  Punaluan  families,  paternal 
authority  was  impossible  as  well  as  unknown  ;*  under  the  Syndy- 
asmian  it  began  to  appear  as  a  feeble  influence;  but  its  growth 
steadily  advanced  as  the  family  became  more  and  more  individ- 
ualized, and  became  fully  established  under  Monogamy,  whicli 
assured  the  paternity  of  children."* 

Although  until  recently  it  has  been  generally  believed  that  the 
Monogamian  family,  the  union  of  single  pairs,  was  the  funda- 
mental and  general  form  of  the  family,  Morgan  clearly  shows 
that  it  did  not  come  into  existence  until  the  advance-guard  of 
human  progress  had  achieved  civilization  and  not  until  much 
later  than  this  among  the  classical  nations.  With  the  Greeks 
the  wives  did  not  become  the  equals  of  the  husbands  in  dig- 
nity, personal  rights,  and  social  position  even  during  the  period 
of  their  highest  development.  The  Monogamian  family,  as 
finally  constituted,  has  "assured  the  paternity  of  children,  sub- 
stituted individual  ownership  of  real  as  well  as  personal  prop- 
erty for  joint  ownership,  and  the  exclusive  inheritance  by  child- 
ren in  place  of  agnatic  inheritance.  Modern  society  reposes 
upon  the  Monogamian  family.  The  whole  previous  experience 
or  progress  of  mankind  culminated  and  crystallized  in  this 
pre-eminent   institution.     It  was  a  slow  growth,   planting  its 

♦  Ancient  Society,  1877,  p.  466. 
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roots  far  back  in  tlie  period  of  savagery — a  final  result  toward 
which  the  experience  of  the  ages  steadily  tended.  Although 
essentially  modern,  it  is  the  product  of  a  vast  and  varied  ex- 
perience."* 

**We  have  a  record  of  the  Monogamian  family  running  back 
nearly  three  thousand  years,  during  which,  it  may  be  claimed, 
there  has  been  a  gradual  but  continuous  improvement  in  its 
character.  It  is  destined  to  progress  still  further,  until  the 
equality  of  the  sexes  is  acknowledged  and  the  equities  of  the 
marriage  relation  are  completely  recognized."! 

Morgan's  conception  of  the  development  of  the  family — the 
central  idea  in  the  social  structure — is  supported  by  a  vast  body 
of  observations  drawn  from  a  multitude  of  sources,  and  al- 
though he  must  share  with  Tylor  and  others  the  honor  of  first 
entering  this  great  unexplored  field  of  research,  he  must  be 
allowed  the  credit  of  going  directly  to  original  sources  for  his 
information  and,  after  the  accumulation  of  a  great  body  of  data, 
erecting  therefrom  a  system  which,  although  necessarily  subject 
to  many  modifications  as  the  result  of  more  extended  observa- 
tions,  must  command  respectful  consideration  on  the  part  of  all 
succeeding  students  of  the  evolution  of  social  institutions. 

Part  IV  deals  with  the  evolution  of  property  and  its  place  in 
the  history  of  culture.  In  beginning,  the  author  outlines  the 
whole  scheme  of  culture  development,  presenting  a  compre- 
lu^nsive  view  of  each  branch  of  human  activity  and  its  rela- 
tions with  each  other  branch  and  with  the  whole,  proceeding 
then  to  an  analysis  of  the  part  taken  by  the  idea  of  property 
in  shaping  the  final  result. 

In  early  savage  times  the  idea  of  property  had  hardly  been 
conceived  and  personal  possessions  were  exceedingly  limited; 
on  the  death  of  the  owner  they  are  usually  deposited  with 
his  body  in  the  grave.  Later,  when  the  successive  social  group- 
ings had  culminated  in  the  gens,  such  portions  of  property  as 
were  not  buried  with  the  dead  were  distributed  to  the  mem- 
bers of  the  gens.  Here  we  have  the  first  known  trace  of  regu- 
lated inheritance.     Althoiigh  the  property  left  was  probably  as 

♦  Ancient  Society,  1877,  p.  505. 

t  Ibid.,  p.  390. 
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a  rule  appropriated  by  the  nearest  of  kin,  the  principle  was 
general  that  the  property  should  remain  in  the  gens  of  the  de- 
cedent and  be  distributed  among  its  members.  Children  in- 
herited from  their  mother,  to  whose  gens  they  always  belonged, 
but  took  nothing  from  their  father,  since  his  identification  was 
uncertain,  and  besides  he  belonged  always  to  a  gens  other  than 
that  of  the  mother.  His  property  on  death  reverted  to  his 
own  gens. 

In  the  early  stages  of  barbarism  this  form  of  inheritance 
continued.  ^'The  variety  and  amount  of  property  were  greater 
than  in  savagery,  but  still  not  sufficient  to  develop  a  strong 
sentiment  in  relation  to  inheritance.  In  the  mode  of  distri- 
bution may  be  recognized  the  germ  of  the  second  great  rule  of 
inheritance,  which  gave  tTie  property  to  the  agnatic  kindred,  to 
the  exclusion  of  the  remaining  gentiles.  Agnation  and  agnatic 
kindred,  as  now  defined,  assume  descent  in  the  male  line;  but 
the  persons  included  would  be  very  different  from  those  with 
descent  in  the  female  line.  The  principle  is  the  same  in  both 
cases,  and  the  terms  seem  as  applicable  in  the  one  as  in  the 
other.  With  descent  in  the  female  line,  the  agnates  are  those 
persons  who  can  trace  their  descent  through  females  exclusively 
from  the  same  common  ancestor  with  the  intestate;  in  the  other 
case,  who  can  trace  their  descent  through  males  exclusively.  It 
is  tlie  blood  connection  of  pei*sons  within  the  gens  by  direct  de- 
scent, in  a  given  line,  from  the  same  common  ancestor  which 
lies  at  the  foundation  of  agnatic  relationship.*^* 

In  the  middle  status  of  barbarism  progress  in  many  branches 
of  activity  and  the  great  increase  in  property  gave  the  question 
of  inheritance  increasing  importance.  In  the  words  of  Morgan, 
"The  territorial  domain  still  belonged  to  the  tribe  in  common; 
but  a  portion  was  now  set  apart  for  the  support  of  the  govern- 
ment, another  for  religious  uses,  and  another  and  more  im- 
portant portion,  that  from  which  the  people  derived  their  sub- 
sistence, was  divided  among  the  several  gentes,  or  communities 
of  persons,  who  resided  in  the  same  pueblo"  (supra,  p.  200). 
"That  any  persons  owned  lands  or  houses  in  their  own  right, 
with  power  to  sell  and  convey  in  fee-simple  to  whomsoever  they 

•  Ancient  Society,  p.  631. 

232 


LEWIS  HENRY  MORGAN. 

pleased,  is  not  only  nnestablislied  but  ^improbable.  Their  mode 
of  owning  their  lands  in  common,  by  gentes,  or  by  communities 
of  persons,  their  joint-tenement  houses,  and  their  mode  of  occu- 
pation by  related  families  precluded  the  individual  ownership 
of  houses  or  of  lands.  *  *  ♦  The  possessory  right,  which  we 
must  suppose  existed  in  individuals  or  in  families,  was  inalien- 
able, except  within  the  gens,  and  on  the  demise  of  the  person 
would  pass  by  inheritance  to  his  or  her  gentile  heirs.*** 

Tn  higher  barbarism,  when  property  had  still  further  increased 
and  individual  holdings  became  of  importance,  as  in  herds, 
flocks,  houses,  and  lands  in  severalty,  it  was  natural  and  inev- 
itable that  the  husband's  powers  and  pretensions  should  greatly 
increase;  and,  since  at  this  stage  the  development  of  the  family 
was  such  that  the  relation  of  father  and  children  was  readily 
established,  a  new  order  of  inheritance  would  supervene,  and  on 
the  decay  of  the  clan  system  would  readily  pass  to  inheritance 
within  the  immediate  family,  and  in  its  highest  specialization  to 
exclusive  inheritance  by  whomsoever  the  decedent  might  name. 

The  following  paragraph  is  exceptionally  interesting  as  con- 
taining a  prophecy  of  the  final  disposal  of  one  of  the  dominant 
problems  of  civilization,  the  regulation  of  property  holdings : 

"Since  the  advent  of  civilization,  the  outgrowth  of  property  has 
been  so  immense,  its  forms  so  diversified,  its  uses  so  expanding 
and  its  management  so  intelligent  in  the  interests  of  its  owners, 
that  it  has  become,  on  the  pjirt  of  the  people,  an  unmanage- 
able power.  The  human  mind  stands  bewildered  in  the  presence 
of  its  own  creation.  The  time  will  come,  nevertheless,  when 
human  intelligence  will  rise  to  the  mastery  over  property,  and 
define  the  relations  of  the  state  to  the  property  it  protects,  as 
well  as  tlie  obligations  and  the  liniits  of  the  rights  of  its  owners. 
The  interests  of  society  are  paramount  to  individual  interests, 
and  the  two  must  be  brought  into  just  and  harmonious  relations. 
A  mere  property  career  is  not  the  final  destiny  of  mankind,  if 
progress  is  to  be  the  law  of  the  future  as  it  has  been  of  the 
past.  The  time  which  has  passed  away  since  civilization  l)egan 
is  but  a  fragment  of  the  past  duration  of  man's  existence,  and 
but  a  fragment  of  the  ages  yet  to  come.     The  dissolution  of 

*  Ancient  Society,  p.  536. 
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society  bids  fair  to  become  the  tennination  of  a  career  of  which 
property  is  the  end  and  aim,  because  such  a  career  contains  the 
elements  of  self-destruction.  Democracy  in  government,  brother- 
hood in  society,  equality  in  rights  and  privileges,  and  universal 
education  foreshadow  the  next  higher  plane  of  society  to  which 
experience,  intelligence,  and  knowledge  are  steadily  tending.  It 
will  be  a  revival,  in  a  higher  form,  of  the  liberty,  equality,  and 
fraternity  of  the  ancient  gentes."* 

The  last  work  of  Morgan  is  his  "Houses  and  House-life  of  the 
American  Aborigines."  It  is  dedicated  to  William  W.  Ely, 
M.D.,  LL.D.,  the  cherished  friend  and  literary  adviser  of  the 
author  for  a  period  of  more  than  twenty-five  years,  and  was  in- 
tended originally  as  the  fifth  and  final  chapter  of  "Ancient  So- 
ciety.'' It  was  omitted  from  that  volume  on  account  of  its 
bulk,  and  finally  made  its  appearance  as  volume  IV  of  Contri- 
butions to  North  American  Ethnology.  The  first  chapter  is  a 
condensation  of  the  four  chapters  of  "Ancient  Society,"  and  re- 
views the  history  of  the  development  of  society  as  manifested 
in  the  gens,  phratry,  tribe,  and  confederacy — a  knowledge  of 
tliese  organizations  being  indispensable  to  an  imderstanding  of 
the  houses  and  house-life  of  the  aborigines.  The  houses  and 
house-life  served  in  turn  to  illustrate  and  verify  Morgan's  con- 
ception of  the  organization  of  primitive  society  of  the  early  and 
mi  (idle  stages  of  barbarism. 

Chapters  II,  III,  and  IV  are  devoted  to  the  laws  of  hospi- 
tality, communism  in  living,  and  usages  and  customs  with  re- 
spect to  land  and  food;  It  is  shown  that  the  universal  practice 
of  liospitality,  as  well  as  of  communism  in  large  households,  de- 
termined in  great  measure  the  character  of  the  houses  and  house- 
lifo.  The  remainder  of  the  ^york  is  devoted  to  a  detailed  de- 
scription and  discussion  of  the  houses  of  the  tribes,  especial  at- 
tention being  given  the  multiple-roomed  structures  which  con- 
stitute the  dominant  feature  in  the  building  art  of  the  tribes 
all  over  America. 

^lorgan  was  a  man  of  exceptional  mental  endowments,  and 
the  passion  for  research  developed  early  in  his  career  knew  no 
diminution  to  the  end  of  his  life.    His  tireless  energy  and  great 

♦  AiK-ient  Society,  p.  552. 
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tenacity  of  purpose  are  attested  by  the  maimer  in  which  he  pur- 
sued clues  that  by  seeming  accident  were  thrown  in  his  way. 
Observing  while  hardly  more  than  a  schoolboy  the  peculiar  fam- 
ily relationships  of  the  Iroquois,  he  soon  mastered  the  system  in 
every  detail,  believing  it  to  be  peculiar  to  this  people  and  vmique 
in  the  world.  Seizing  the  first  opportunity  to  make  inquiries 
among  other  and  distant  tribes,  he  found  the  same  system  of 
kinship  prevailing.  AVith  increasing  zeal  and  widening  vision 
he  extended  his  researches  from  tribe  to  tribe  and  from  region  to 
region,  never  halting  until  he  had  extended  his  observations  over 
the  entire  primitive  world.  A  study  of  these  observations  led 
to  the  remarkable  conclusion  that  the  social  systems  of  all  man- 
kind have  been  cast  in  the  same  general  mold ;  but  it  was  found 
that  the  particular  form  of  society  observed  among  the  Iroquois 
was  confined  largely  to  a  single  horizon  of  culture,  and  he  found 
it  necessary  to  widen  again  the  scope  of  the  inquiry.  In  investi- 
gating the  one  stage  he  had  caught  glimpses  of  earlier  phases  of 
social  organization;  and  having,  after  prolonged  research,  for- 
mulated these,  he  delved  into  the  literature  of  all  nations,  con- 
firming thereby  his  notion  of  the  earlier  forms  and  extending 
his  observations  to  higher  planes  of  society  as  exemplified  in 
civilization.  He  was  thus  able  to  stand  on  the  horizon  of  the 
present,  as  represented  by  the  highest  levels  of  social  achieve- 
ment, and  look  baclrvvard  through  long  vistas  of  human  prog- 
ress in  which  five  successive  stages  of  society  were  traceable, 
the  earliest,  dimly  discernible  in  the  remote  distance,  rising  grad- 
ually into  the  next  higher,  and  passing  upward  until  the  Mon- 
ogamian  system  of  the  present  was  reached. 

Morgan  thus  formulated  for  the  first  time  a  logical  order  for 
the  history  of  social  organization  as  exemplified  in  the  family, 
and  as  his  labors  progressed  he  reached  the  solution  of  many  re- 
lated problems  of  anthropology — the  evolution  of  government, 
of  arts  and  industries,  of  the  idea  of  property,  of  moral  stand- 
ards, etc.,  and  the  relations  in  genesis  and  growth  of  these  with 
one  another  and  with  the  whole  of  culture.  Wlien  the  course 
of  evolution  in  the  various  fields  had  been  correlated  with  the 
successive  stages  of  culture  progress-^the  savage,  the  barbarian, 
and  the  civilized — with  their  subdivisions,  a  comprehensive 
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scheme  of  human  history  was  for  the  first  time  available  to  the 
world. 

Morgan's  grandest  contribution  to  the  science  of  mankind  is 
thus  not  the  elucidation  of  any  one  branch  of  the  subject  of  his 
researches,  but  the  opening  up  of  a  vast  new  field  of  research 
of  which  the  world  had  no  previous  knowledge,  and  the  appli- 
cation of  the  remarkable  insiglit  into  human  affairs  tlius  gained 
to  tlie  classification  and  logical  arrangement  of  the  whole  sub- 
ject matter  of  anthropology. 

One  great  thought  brought  out  by  Morgan  as  a  result  of  his 
extended  researches  is  that  the  successive  stages  of  savage  and 
barbaric  life — characterized  by  turmoil,  degradation,  struggle, 
and  misery  untold — were  but  the  necessary  throes  by  means  of 
which  the  race  was  to  rise  to  higher  levels ;  that  the  stages  were 
as  a  series  of  crucibles  in  which  successive  purifications  were 
accomplished,  and  that  the  unseemly  struggles  still  manifest 
even  among  the  higher  nations  of  the  present  day  are  but  a  con- 
tinuation of  the  processes  of  evolution  tending  upward  to  final 
results,  the  full  nature  and  significance  of  which  can  now  only 
be  surmised. 

It  will  not  be  claimed  that  Morgan  has  said  the  last  word  re- 
garding the  diversified  and  intricate  subjects  that  he  ventured 
to  discuss,  but  he  has  said  the  first  word  on  many  problems  that 
will  not  be  fully  solved  for  generations  to  come.  He  found  the 
vast  domain  of  American  ethnology  practically  unexplored,  and 
ventured  boldly  into  pathways  hitherto  wholly  untrodden.  That 
the  first  hasty  survey  should  have  failed  to  reveal  to  him  in  their 
true  relations  and  full  significance  all  the  diversified  phenomena 
with  which  he  had  to  deal  proves  only  that  he  was  human  and 
that  the  field  of  labor  is  almost  limitless. 

Whatsoever  the  final  conclusions  with  regard  to  the  great 
problems  with  which  he  battled,  howsoever  far  away  he  may 
have  been  at  times  misled  by  the  tendency  to  generalize  too 
broadly  on  incomplete  observations,  he  must  always  remain  an 
heroic  figure  on  the  threshold  of  the  dawning  science  of  primi- 
tive human  institutions. 

Although  not  possessed  of  great  wealth,  Morgan  desired  to 

contribute  to  the  intellectual  and  moral  progress  of  his  kind 
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and  bequeathed  the  better  part  of  his  fortune  to  the  University 
of  Eochester  "for  female  education  of  high  grade  in  the  city 
of  Eochester  under  the  management  of  the  trustees  of  the  said 
University." 

Morgan  was  instrumental  in  organizing  the  Section  of  Anthro- 
pology in  the  American  Association  for  the  Advancement  of 
Science,  at  the  meeting  held  in  Detroit  in  1875,  and  was  made 
first  chairman  of  that  section.  In  1879  he  became  President  of 
the  Association  and  presided  over  its  meetings  in  Boston  the 
following  year.  His  home  in  Eochester  contained  a  fine  library 
and  was  frequented  by  some  of  the  leading  scholars  of  the  time ; 
and  he  was  one  of  the  founders  of  the  literar}'  clubs  of  his  period 
and  locality. 

In  stature  he  was  of  medium  height  and  well  proportioned. 
He  was  energetic  and  active,  alert  in  manner  and  cheerful  in 
disposition;  an  agreeable  companion,  easily  approached,  and 
always  helpful  to  those  in  need  of  advice  and  instruction. 

Having  lived  a  singularly  varied  yet  stainless  life,  Morgan 
died  at  his  home  in  Eochester  on  December  17,  1881,  and  was 
buried  in  Mount  Hope  Cemetery  in  that  city. 
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BIOGRAPHICAL  MEMOIR  OF  ASAPH  HALL.= 


In  commencing  the  story  of  a  remarkable  man  of  science,  it  is 
necessary  to  say  something  of  his  lineage,  in  spite  of  the  gener- 
ally held  opinion  that  the  details  of  genealogy  make  dry  read- 

Asaph  Hall  undoubtedly  descended  from  John  Hall,  called  of 
New  Haven  and  Wallingford  to  distinguish  him  from  the  other 
numerous  John  Halls  of  early  New  England  (Savage  makes  no 
less  than  seven  before  1660),  and  who  arrived  at  New  Haven 
shortly  after  June  4,  1639,  as  he  is  one  of  the  after-signers  of 
the  New  Haven  Planters'  Covenant.  His  movements  before  his 
arrival  are  in  some  obscuritv.  From  his  son  Thomas  of  Wal- 
lingford  receiving  a  grant  of  fifty  acres  of  land  from  the  General 
Court  of  the  Colony  at  the  session  of  October,  1698,  "In  consid- 
eration of  his  father's  services  in  the  Pequot  war,"  it  is  inferred 
that  he  was  a  dweller  in  the  colony  in  1637.  At  this  date  there 
were  only  four  settlements  in  Connecticut,  and  it  is  supposed 
that  the  John  Hall  of  New  Haven  is  identical  with  a  John  Hall 
who  appears  as  the  holder  of  lots  in  Hartford  about  1635.  The 
genealogists  are  in  dispute  in  the  matter.  Mr.  Shepard  sums  up 
thus:  John  Hall  came  with  the  advance  Hooker  party,  in  1632, 
or  perhaps  on  the  Griffin  or  the  Bird  (two  vessels  whose  arrival 
at  Massachusetts  Bay  is  mentioned  by  Winthrop),  September  4, 
1633.  He  mav  have  l)een  in  one  or  both  of  the  overland  ex- 
ploring  parties  to  the  vicinity  of  Hartford,  of  which  John  Old- 


♦  I  desire  to  acknowledge  tbe  jfreat  assistance  rendered  by  Mrs. 
Asnpb  HnU  and  tbe  sons  of  Professor  Hall  in  tbe  composition  of  tbis 
memoir.  Family  documents  in  manuscript  bare  been,  in  great  abun- 
dance, put  at  my  disposition.  Dr.  Horigan  has  contributed  the  elaborate 
bibliography. 

t  In  tbe  matter  of  tbe  lineage  of  Professor  Hall,  besides  tbe  infor- 
mation supplied  by  tbe  family,  tbe  following  autborities  bave  been 
consulted:  Savage's  Genealogical  Dictionary';  Davis's  History  of  tbe 
Town  of  Wallingford;  David  B.  Hall — tbe  Halls  of  New  England; 
Hibbard's  History  of  tbe  Town  of  Oosben ;  James  Sbepard — Jobn 
Hall  of  Wallingford,  a  monograpb.    New  Di-itain,  1002. 
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ham  led  the  first;  these  took  place  in  1633  and  1634.  He  came 
with  the  advance  settlers  to  Wethorsfield  in  the  fall  of  1634,  or 
to  Hartford  in  the  fall  of  1635;  went  to  the  Pequot  war  in  1637 ; 
then,  disposing  of  his  lots  by  sale  as  early  as  the  law  allowed  him 
to  do  without  forfeiture,  ho  removed  to  Xow  Haven  in  1639  or 
1640. 

From  the  record  that  he  was  "freed  from  training"  in  1665, 
it  is  inferred  that  he  was  born  about  1605.  He  married  Jane 
Woolen,  presumably  at  Xew  Haven,  although  there  is  no  record 
of  the  marriage.  This  lady  had  lived  in  the  family  of  William 
Wilkes,  and  had  been  promised  a  portion  of  £10  on  the  occasion 
of  her  marriage,  which  promise  was  never  fulfilled.  Conse- 
quently, in  1647,  Mr.  John  Hall  sued  the  estate  of  Wilkes  for 
the  amount,  which  the  court  allowed.  The  records  of  Xew 
Haven  give  other  facts  in  reference  to  John  Hall,  which  may  l>c 
read  in  Mr.  Shepard's  monograph. 

In  1670  three  of  his  sons — John,  Samuel,  and  Thomas — ;de- 
cided  to  take  part  in  the  settlement  of  Wallingford.  He  him- 
self, after  a  residence  of  about  thirty  y<*ars  in  X^ew  Haven,  must 
have  followed  them  shortlv  after.  In  1675  he  is  selectman  of 
Wallingford.  He  died  not  long  before  ^lay  3,  1676,  as  at  this 
date  an  inventory  of  his  estate  was  taken.  The  widow,  after 
marrying  Mr.  John  ('ooper,  died  some  time  in  1690. 

The  genealogists  are  not  agreed  as  to  the  children  of  Jolui 
Hall,  but  it  seems  there  were  seven — five  boys  and  two  girls. 
The  fourth  child  was  Thomas,  baptized  March  25,  164J);  he  was 
one  of  the  proprietors  of  Wallingford  in  1670;  there  he  married, 
June  5,  1673,  Grace  (Watson).  This  is  the  first  uuirriage  re- 
corded in  Wallingford.  His  occupation  is  given  in  the  land 
records  as  "carpenter."  He  died  as  "Sergeant"  Thomas  Hall, 
September  17,  1711. 

The  fourth  child  of  Thomas  Hall  was  Jonathan,  born  July  '^5, 
1679,  and  died  January  15,  1760.  He  married  Dinah  Andrews 
May  12,  1703,  who  was  born  July  25,  1684,  and  died  October  24, 
1763. 

The  first  child  of  Jonathan  Hall  was  David,  born  October  16, 
1705.  He  married  Alice  Hale,  September  23,  1730.  He  took 
part  in  the  French  and  Indian  war,  and  was  killed  in  the  mur- 
derous fighting  at  the  south  end  of  Lake  George  in  1755. 
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Up  to  this  time  the  family  line  we  are  following  resided  in 
Wallingford ;  but  now  David  Hall  became  an  original  proprietor 
in  the  town  of  (loshen,  owning  two  rights.  This  town  was  or- 
ganized in  1739.  David's  son  Elkanah  made  the  settlement  as 
required,  but  on  his  return  to  Wallingford  his  brother  Asaph 
took  his  place. 

The  fourth  child  of  David  Hall  was  Asaph,  bom  June  11, 
1735.  He  removed  to  Goshen  before  July  4,  1758,  and  became 
a  prominent  citizen  of  that  town.  In  the  Revolutionary  war  he 
was  a  first  lieutenant,  going  to  Ticonderoga  with  his  company 
under  Col.  Ethan  Allen ;  was  in  the  second  battalion,  Gen.  David 
Wooster's  regiment,  in  1777;  was  captain  in  Colonel  Sheldon's 
regiment.  Second  State  battalion,  in  service  against  Tryon's  in- 
vasion. He  represented  his  town  in  general  court  continuously 
for  twenty-four  sessions,  beginning  with  that  of  1773;  he  was 
also  a  member  of  the  convention  which  adopted  the  Federal  Con- 
stitution. He  remained  unmarried  until  nearly  the  end  of  his 
career,  when,  July  25, 1799,  he  married  Esther  McNair,  a  woman 
much  younger  than  himself.  After  his  military  services  were 
over,  he  was  made  a  justice  of  the  peace,  and  a  great  heavy  arm- 
cliair  is  still  preserved  in  the  family,  seated  in  which  he  dis- 
pensed justice  to  the  litigious  inhabitants  of  Goshen.  Unfor- 
tunately he  fell  from  a  sled  and  received  injuries  that  proved 
fatal.  He  died  about  March,  1800.  He  left  about  a  thousand 
acres  of  land,  eight  or  ten  houses,  several  sawmills,  etc.  This 
was  the  grandfather  of  the  subject  of  this  memoir. 

His  only  son,  Asaph  Hall  Second,  was  posthumous,  being  born 
August  8,  1800.  His  mother  took,  as  her  second  husband,  Seth 
Baldwin,  and  died  in  Goshen,  May  7,  1851.  He  was  prepared  to 
enter  Yale  College,  and  passed  examinations  for  the  sophomore 
class  when  he  was  about  17,  but  for  some  reason  did  not  go. 
His  father's  estate  was  turned  over  to  him  at  the  age  of  19.  He 
attempted  the  occupation  of  a  merchant,  but  failed  through  the 
mismanagement  of  his  property.  To  retrieve  his  affairs  he  es- 
tablished a  clock  factory  at  Hart  Hollow,  in  Goshen,  and  manu- 
factured clocks.  He  used  to  load  up  wagons  with  them  and 
drive  south  as  far  as  Georgia,  selling  the  clocks  and  finally  the 
horses  and  wagon,  and  return  home  for  another  trip.     He  mar- 
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ried  Hannah  C,  daughter  of  Robert  Palmer.     She  was  bom  at 
Goshen,  August  19,  1804,  and  died  there  March  7,  1880. 

These  were  the  parents  of  Prof.  Asaph  Hall;  they  had  six 
children,  two  boys  and  four  girls,  the  Professor  being  the  oldest. 
The  latter  was  born  October  15,  1829,  in  a  house  which  has  long 
since  disappeared,  situated  on  the  road  locally  known  as  Goshen 
East  street.  This  road  for  a  distance  of  three  miles  passes  over 
a  plane  region  sloping  upward  towards  Ivy  mountain,  nearly 
devoid  of  trees  and  wholly  devoted  to  grass.  This  mountain  is 
a  Coast  Survey  station  and  has  an  elevation  exceeding  1,600  feet, 
but  it  makes  small  impression  of  lieight,  as  the  region  surround- 
ing the  base  is  but  300  feet  lower.  The  drainage  is,  on  one  side 
of  the  ridge,  into  the  Naugatuck  river;  on  the  other  side  it 
passes  through  Bantam  lake  and  the  Shapaug  into  the  Housa- 
tonic  river.  This  is  a  bleak  region  at  all  times,  but  especially 
in  winter,  as  there  is  nothing  to  check  the  course  of  the  wind. 
At  the  time  of  Professor  Hall's  birtli  Goshen  was  a  much  live- 
lier place  than  it  is  now,  the  population  having  fallen  off  40  per 
cent  in  tlie  interim.  The  town  has  been  drained  of  its  inhabit- 
ants by  the  attractions  of  factory  life  in  the  valley  of  the  Nauga- 
tuck. 

One  of  the  earliest  incidents  of  his  life  that  Mr.  Hall  remem- 
l)ered  was  his  father  taking  him  to  Xorth  pond  on  a  summer 
day  for  a  swim.  He  was  placed  upon  his  father's  back,  and  then 
the  latter  struck  out  to  cross  the  pond.  The  poor  child,  having 
never  been  in  the  water  before,  was  in  mortal  terror  lest  he 
should  be  drowned.  *'Don't  lx»  frightened  at  the  water,  my  son; 
only  hang  fast  to  papa's  nec*k  and  you  will  be  brought  safely  to 
land ;"  which  was  accomplished.* 

Young  Hall  was,  of  course,  sent  to  the  "district  school;"  the 
building  is  still  standing,  although  it  is  now  used  for  quite  dif- 
ferent purposes  than  those  of  education.  He  was  early  initiated 
into  the  labors  of  farm  life,  beginning  doubtless  with  driving 
cows  to  pasture. 


♦  This  pond  is  strangely  omitted  from  the  map  of  the  State  by  the 
r.  S.  Geological  Survey.  There  is  no  excuse  for  this,  for,  though 
liidden  by  swampy  woods,  it  is  visible  from  at  least  two  points  on  the 
highway  running  on  the  west  side.  It  has  an  area  of  about  200 
acres. 
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This  bucolic  state  of  affairs  lasted  until  he  was  13^  when  his 
father,  in  one  of  his  clock-selling  trips  to  the  South,  was  taken 
ill,  and  died  at  Clinton,  Georgia,  September  6,  1842.  This  was 
the  beginning  of  hardship  for  Asaph.  His  father's  land  was 
dreadfully  encumbered  with  mortgages.  Nevertheless  the  family 
attempted  to  redeem  at  least  one  farm.  A  cheese  factory  seems 
to  have  been  started  (Goshen  being  an  excellent  grazing  town). 
Professor  Hall,  writing  to  his  son  Angelo,  October  20,  1906, 
speaking  of  his  own  mother,  says :  ^'She  did  a  great  deal  of  hard 
labor.  One  year  we  sold  10,000  poimds  of  cheese,  all  made  by 
her.^'  This  seems  incredible,  and  a  suspicion  arises  that  an 
extra  zero  has,  through  inadvertence,  been  added.  Asaph,  being 
the  oldest  of  the  children,  must  have  been  much  driven  in  assist- 
ing his  mother,  since  his  only  brother,  Lyman,  was  several  years 
his  junior.  In  spite  of  this  great  effort,  the  main  object  failed 
of  accomplishment;  it  was  found  that  the  utmost  that  could  be 
done  was  to  pay  the  interest  on  the  mortgages  and  the  living 
expenses.  At  this  time,  to  help  matters,  Asaph  carried  the  mail- 
bag  on  some  route  in  Goshen. 

As  there  seemed  to  be  no  hope  of  raising  the  mortgages,  his 
mother  retired  to  a  small  farm  which,  fortunately,  she  owned  in 
her  own  right;  and  he  himself,  or  his  family  for  him,  decided 
that  he  must  learn  the  carpenter's  trade.  Accordingly  he  was 
apprenticed  at  the  age  of  16  to  a  carpenter,  the  apprenticeship 
to  last  for  three  years.  In  the  summer  of  1847,  while  he  was 
still  an  apprentice,  he  was  engaged  with  others  in  drawing  tim- 
ber from  the  Canaan  mountains  for  buildings  in  the  Blackberry 
valley,  and  noted  with  surprise  that  the  people  of  that  valley 
were  able  to  raise  good  melons,  while  he  in  Goshen  had  always 
failed  to  bring  them  to  maturity.  The  700  feet  difference  of 
elevation  was  the  principal  cause  of  this.  Whatever  he  could 
save  from  his  scanty  wages  he  turned  over  to  his  mother.  At 
the  expiration  of  his  apprenticeship  he  set  out  as  a  journeyman. 
His  reputation  about  Goshen  was  that  of  a  skillful  house- 
builder.  He  himself  has  informed  me  that  he  built  houses  as 
far  away  from  his  home  as  Great  Barrington,  in  Massachusetts. 

A  prominent  and  well-to-do  citizen  of  Goshen,  known  as 
Deacon  Norton,  who  was  the  inventor  of  pineapple  cheeses,  em- 
ployed him  to  make  the  wooden  moulds  for  shaping  them;  these 
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he  made  with  chisel  and  mallet.  The  deacon,  being  a  strict 
Sabbatarian,  woiiUl  say  to  him  as  he  departed  Saturday  evening, 
**Xow,  young  man,  if  you  are  reasonably  quick  in  your  motions, 
you  can  reach  home  before  sunset." 

During  this  period  he  was  not  without  some  advantages.  His 
father  having  been  a  man  of  intelligence,  books  on  a  variety  of 
subjects  had  accumulated  about  the  house  in  much  greater  num- 
ber than  was  the  case  with  the  neighbors.  These  he  was  diligent 
in  reading  at  si)are  moments,  after  candles  were  lit  or  by  day- 
light on  Sundays.  He  was  very  eager  to  acquire  information 
that  might  be  serviceable  in  his  future  career.  Tbe  bibliographer 
was  innate  in  him.  The  first  thing  he  did,  on  becoming  inter- 
ested in  any  subject,  was  to  find  out  the  names  of  all  the  promi- 
nent authors  who  had  written  on  it,  and  the  titles  of  their  works, 
and  this  when  there  was  small  hope  of  his  ever  possessing  or 
even  seeing  them.  This,  in  after  life,  led  him  to  despise  the 
school  and  college  text-book.  "Intellectual  pap,  suitable  only 
for  babes,"  he  would  sav.  He  alwavs  went  to  a  master  for  in- 
st ruction.  When  invited  by  the  book-publisher  to  write  a  "Pop- 
ular Astronomy,"  he  made  it  a  rule  always  to  decline.  "There 
is  enough  of  such  trash  afloat  without  my  adding  to  it." 

About  this  time  he  is  asserted  to  have  entertained  the  ambi- 
tion of  exchanging  carpentry  for  architecture.  His  predilection 
this  way  can  hardly  have  been  very  decided,  as  in  his  after  life  I 
never  heard  him  speak  in  praise  of  this  art.  As  house-building 
was  impracticable  in  winter,  he  had  some 'leisure  at  this  season, 
and  managed  to  spend  one  winter  at  the  Norfolk  academy,  study- 
ing algebra  and  six  books  of  Euclid  under  the  instruction  of  the 
principal. 

After  he  attained  his  majority,  doubtless  with  the  approval  of 
his  mother,  he  lx?gan  to  lay  up  a  sum  of  money  that,  in  time, 
would  suflfice  to  pay  his  way  through  college.  As  his  wages  were 
only  a  dollar  and  a  half  a  day,  this  was  gaining  way  at  a  snail's 
pace.  In  the  summer  of  1854  he  had  accumulated  about  $300, 
and  was  becoming  impatient  to  see  his  education  begin.  Having 
read  in  the  New  York  Tribune  a  description  of  Central  college, 
at  McGrawville,  Cortland  county.  New  York,  in  which  it  was 
said  that  the  price  of  tuition  was  remarkably  low,  and  every  stu- 
dent had  an  opportunity  of  i)aying  his  or  her  way  through  the 
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college  by  manual  labor,  he  thought  that  this  was,  perhaps,  just 
the  thing  lie  wanted.     After  some  reflection  he  determined  to  go. 

This  college  had  bwn  founded  by  Gerrit  Smith,  the  noted 
abolitionist  of  Peterl)orough,  and  kindred  spirits.  They  had 
good  intentions,  doubtless,  but  the  mode  of  advertising  their  ad- 
vantages produced  deleterious  results.  Their  word  was  "Ho! 
every  one  that  thirsted,  come  to  the  educational  waters  and 
drink,  without  money  and  without  price;  sex  and  color  will  be 
taken  no  note  of."  The  consequence  was  the  gathering  of  a 
motley  crowd,  many  of  them  of  the  adventurer  type,  who  believe 
that  the  sole  use  of  education  is  that  it  enables  one  to  dispense 
with  muscular  exertion.  Among  them  an  honest  man  would 
find  little  sympathy. 

On  his  arrival,  Mr.  Plall  was  somewhat  taken  aback  bv  the 
character  of  the  place,  so  different  from  what  he  expected;  but 
he  decided  to  remain  and  make  the  most  of  his  opportunities. 
There  were  no  masters  among  the  teaching  corps,  but  he  doubt- 
less found  some  books  in  the  library  he  was  glad  to  l)e  able  to 
read,  and  the  amount  of  his  leisure  greatly  exceeded  that  he  had 
previously  enjoyed.  Here  it  became  evident  that  mathematics 
was  the  science  to  which  he  was  preeminently  attached.  How- 
ever, he  did  not,  in  his  short  stay,  get  beyond  the  elements;  per- 
haps the  institution  afforded  no  means  to  this  end.  He  acquired 
some  French  and  Latin.  His  knowledge  of  carpentry  stood  him 
in  good  stead,  for  he  kept  the  college  buildings  in  repair  during 
the  whole  of  his  stav.  'I'his  was  onlv  a  vear  and  a  half,  when 
Mr.  Hall  l)ecame  c(mvinced  that  he  had  about  exhausted  the  ad- 
vantages at  McCirawville,  and  that  it  would  be  useless  to  remain 
to  take  a  degree.  Moreover,  he  had  become  attached  to  a  young 
lady  attending  the  institution,  Miss  Chloe  Angeline  Stickney, 
of  Rodman,  Jefferson  county,  New  York.  She  graduated  in  the 
summer  of  1855,  and,  being  two  years  ahead  of  Mr.  Hall  in  the 
arranged  course  of  studies,  it  so  fell  out  that  he  was  one  of  her 
pupils  in  mathematics.  It  is  asserted  that  he,  with  other  mem- 
bers of  the  class,  tried  to  disconcert  her  by  asking  questions  it 
was  supposed  she  would  not  be  able  to  answer;  but  they  did  not 
succeed. 

At  the  end  of  1855  Mr.  Hall  severed  his  connection  with  the 
college  at  McGrawville  and  came  home.     He  was  now  engaged 
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to  Miss  Stickney^  and  it  was  proposed  that,  after  marriage,  they 
should  together  undertake  a  school  wherever  an  opening  might 
be  found.  Miss  Stickney  had  gone  to  Wisconsin  to  visit  some 
relatives  and  in  the  hope  that  some  school  might  be  foimd  in 
that  State  suitable  to  the  wishes  of  herself  and  her  affianc^.  Mr. 
Hall  joined  her  in  February,  1856,  and  he  also  engaged  in  the 
quest  for  a  school.  These  efforts  were  unsuccessful.  Mr.  Hall, 
who  was  a  great  hater  of  indecision,  proposed  that  they  should 
be  married,  and  thereupon  leave  Wisconsin.  Thus  they  were 
married  at  Elkhom,  Wisconsin,  March  31,  1856,  and  started  for 
Ann  Arbor,  Michigan.  By  this  time  Mr.  Hall  must  have  de- 
cided to  be  an  astronomer. 

Under  date  of  April  2,  1856,  Mrs.  Hall  writes  to  her  sister 
Mary  from  Ann  Arbor : 

"Mr.  Hall  and  I  went  to  Elder  Bright's  and  stayed  over  Sun- 
day, and  we  were  married  Monday  morning,  and  started  for  this 
place  in  the  afternoon.  Mr.  Hall  came  here  for  the  purpose  of 
pursuing  his  studies.  We  have  just  got  nicely  settled.  Shall 
remain  here  during  the  summer  term,  and,  perhaps,  three  or 
four  years/' 

Mr.  Hall  seems  to  have  entered  the  sophomore  class  at  the 
university,  from  which  he  passed  to  the  junior  at  the  next  com- 
mencement. He  studied  French  under  Fasquelle  and  astron- 
omy under  Briinnow.  For  the  latter  he  always  entertained  great 
regard  as  the  teacher  who  had  initiated  him  into  the  art  of 
handling  astronomical  instruments.  In  this  department  of  his 
science  Mr.  Hall  was  so  apt  a  learner  that  he  was  at  the  bottom 
of  an  instrument  in  one-third  of  the  time  needed  by  the  ordinary 
man.  This  struck  Professor  Briinnow  so  favorably  that  he  was 
quite  willing  to  give  Mr.  Hall  extra  attention.  From  this  it 
came  about  that  he  passed  out  of  the  hands  of  Briinnow,  after 
three  months'  instruction,  well  versed  in  the  principles  of  obser- 
vation. The  practical  training  he  could  acquire  by  himself  when 
opportunity  offered. 

Why  he  left  Ann  Arbor  at  this  juncture  is  a  little  obscure;  it 
could  be  induced  onlv  by  the  narrowness  of  his  means.  In  order 
to  get  his  degree,  he  would  have  to  remain  at  the  university  two 
years  longer,  and  he  did  not  see  where  the  money  necessary  for 
this  was  to  come  from.     The  couple  left  Ann  Arbor  in  July,  and 
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went  to  visit  a  relative  of  Mrs.  Hall  at  Hiram,  Ohio.  While  here 
an  opportunity  offered  of  school  teaching  at  the  Shalersville 
Institute  near  by.  This  school  was  conducted  by  them  from 
August,  1856,  to  the  end  of  the  following  April.  The  remunera- 
tion was  limited  to  the  tuition  fees  of  their  pupils,  but  they 
seem  to  have  given  satisfaction,  as  a  purse  of  $60  was  presented 
to  them  by  the  townspeople  at  their  departure. 

During  all  this  time  Mr.  Hall  was  burning  the  midnight  oil, 
and  here  occurred  the  incidents  of  a  characteristic  anecdote 
which  he  himself  narrated  to  me.  After  battling  several  even- 
ings with  an  intricate  problem  in  the  motion  of  the  heavenly 
bodies  without  success,  he  jumped  up,  much  vexed  at  his  in- 
capacity, saying,  "If  I  only  could  consult  Laplace's  Mecanique 
Celeste  my  difficulties  would  vanish  in  a  moment.  I  dare  say 
they  have  the  book  in  the  Western  Reserve  College  library  at 
Hudson.  Tomorrow  is  Saturday,  when  'school  doesn't  keep,' 
and  I  am  going  to  see."  Accordingly,  after  communicating  his 
intention  to  his  wife,  in  the  early  morning  he  set  off  on  foot  for 
Hudson,  a  distance  of  at  least  15  miles,  presented  himself  before 
the  librarian,  who,  seeing  a  man  in  linsey-woolsey,  his  shoes  cov- 
ered with  dust,  supposed  he  was  a  tramp  and  was  proceeding  to 
turn  him  out  without  ceremonv.  But  Mr.  Hall,  undaunted  bv 
his  repulse,  by  a  few  words  convinced  the  custodian  of  books  that 
his  poverty  was  far  less  than  skin  deep;  the  book  was  brought 
out,  and  Mr.  Hall  allowed  to  make  all  the  extracts  he  wanted; 
after  which  he  returned  bv  the  same  method  as  he  had  come.  At 
this  time  his  library  was  so  small  that  it  could  be  packed  in  a 
corner  of  his  trunk. 

Mr.  Hall  was  firmly  set  in  his  purpose  to  become  an  astron- 
omer, and  he  saw  that  remaining  in  Shalersville  would  not  pro- 
mote it;  so  he  determined  to  move  once  more.  On  the  arrival 
of  the  couple  at  Cleveland  they  were  still  undecided  which  way 
to  turn,  whether  to  go  back  to  Ann  Arbor  or  make  trial  of  for- 
tune at  Cambridge,  Massachusetts;  but  shortly  a  heavy  gale  on 
Lake  Erie  settled  the  matter.  Mrs.  Hall  was  frightened  at  the 
great  waves  and  shrunk  from  going  aboard  the  steamer  for  De- 
troit. She  said,  "Let  us  go  East."  So  she  proceeded  to  her 
relatives  in  northern  New  York,  and  Mr.  Hall  to  Cambridge,  to 
see  what  opening  there  might  be  for  them  there.     He  conversed 
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with  the  Harvard  College  professors,  but  the  result  was  only 
partially  encouraging.  He  could  attend  certain  courses  of  lec- 
tures and  receive  help  in  his  studies  from  the  professors  without 
any  charge  being  made,  but  no  salaried  position  could  be  guaran- 
teed him;  he  would  have  to  de[Mmd  on  stray  scientific  jobs.  In 
this  conjuncture  Mr.  Hall  saw  that  it  would  be  prudent  to  have 
a  little  money  in  his  pocket  before  attempting  settlement  in 
Cambridge.  Thus  he  went  to  I'homaston,  Connecticut,  and 
practiced  again  his  trade  of  carpentry.  A  mill-owner  in  this 
place  employed  him  to  reconstruct  the  dwayed  apron  of  his  dam 
across  the  Naugatuck  river.  At  the  completion  of  his  task  he 
was  standing  on  the  upper  edge  of  the  apron,  contemplating  his 
work  with  satisfaction,  when,  the  timber  \mng  very  wet  from 
the  spray  of  the  fall,  in  a  moment  he  lost  his  footing  and  slid 
the  width  of  the  apron  splash  into  the  pool  below.  The  bystand- 
ers were  indulging  in  a  liearty  laugh  at  his  mishap ;  but  the  mill- 
owner  said,  *'Don't  mind  them;  you  have  made  the  best  apron 
on  the  Naugatuck.'* 

On  May  19  Mr.  Hall  writes  to  his  wife:  "T  get  along  very  well 
with  my  work,  and  try  to  study  a  little  in  the  evenings,  but  find 
it  rather  hard  business  after  a  davV  labor.  ♦  ♦  *  [  don't 
clearly  know  what  we  had  k^tter  do,  whether  I  had  better  keep 
on  with  my  studies  or  not.  It  would  be  much  \pleasanter  for 
you,  1  suppose,  were  I  to  give  up  the  pursuit  of  my  studies.  I  do 
not  like  to  do  this,  for  it  seems  to  me  that,  with  two  vears'  more 
study,  I  could  attain  a  position  in  which  1  could  command  a  de- 
cent salary.  Perhaps  in  less  time  I  can  pay  my  way  at  Cam- 
bridge either  by  teaching  or  by  assisting  in  tbe  observatory;  but 
how  and  where  we  shall  live  during  the  two  years  is  tbe  diffi- 
tiulty.  I  shall  try  to  make  about  $60  before  the  first  of  August. 
With  this  money  1  think  1  could  stay  at  (Cambridge  one  year,  and 
might  possibly  find  a  situation,  so  that  we  might  make  our  home 
there;  but  I  think  it  is  not  l)est  that  we  should  both  go  to  Cam- 
bridge with  so  little  numey,  and  run  the  risk  of  finfling  employ- 
ment. You  must  come  here  and  stay  with  our  folks  until  I  get 
something  arranged  at  (Cambridge,  and  then  I  hope  we  shall  have 
a  permanent  home." 

But  ]^rrs.  Hall  insisted  on  sharing  the  lot  of  her  husband.  She 
indeed  came  to  (toshen,  but  in  six  weeks  the  couple  started  to- 
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gether  for  Cambridge  with  the  small  capital  of  $50.  On  August 
26  Mr.  Hall  entered  the  Lawrence  Scientific  School,  and  shortly 
l)egan  attendance  on  Prof.  Benjamin  Peirce's  lectures.  Prof.  W. 
C.  Bond  had  offered  him  $»']  a  week,  and  he  had  accepted  the 
wages.  Some  of  the  devices  for  getting  along  were  amusing 
enough.  Mr.  Hall  found  he  must  read  th.j  ]x)ok8  of  the  German 
mathematicians  and  astronomers.  Knowing  the  grammatical 
structure  of  the  language,  how  was  he  ever  to  get  sufficient  leis- 
ure for  learning  the  vocabulary?  Mrs.  Hall  became  a  living 
dictionary,  of  which  there  were  no  leaves  to  be  turned  over,  and 
from  her  Mr.  Hall  learned  30  or  40  new  German  words  everv 
morning  as  he  kindled  the  fire.  After  some  two  months  of  this 
he  thought  himself  tolerably  equipped. 

Early  in  1858  he  got  some  extra  work — observing  moon  cul- 
minations in  connection  with  (^ol.  Jose|)h  E.  Johnston's  army 
engineers  surveying  in  the  West.  He  rc*i*eived  a  dollar  for  each 
observed  culmination,  and  in  March  he  made  23  Such  observa- 
tions.  Mrs.  Hall  would  awaken  him  out  of  his  sound  sleep  in 
time  to  go  to  the  observatory  as  faithfully  as  an  alarm  clock.  He 
also  eked  out  his  small  means  by  computing  farmers'  almanacs. 
During  the  latter  j)art  of  1858  he  had  other  extra  work — com- 
puting on  the  Colorado  Survey.  As  to  Professor  Peirce's  lec- 
tures, he  soon  ceased  going  to  them,  for  he  found  they  were  too 
theoretical,  and,  moreover,  there  was  some  friction  between  the 
olvservatory  and  the  mathematical  department  that  rendered  it 
unpleasant  for  him  to  be  connected  with  both.  Early  in  1851) 
Mr.  Hall's  pay  was  increased  to  $400  a  year.  When  Mr.  Hall 
arrived  in  Cambridge,  Mr.  George  P.  Bond  told  him  he  would 
starve  if  he  followed  astronomv.  This  was  not  verv  courteous, 
as  he  himself  was  following  astronomy  at  the  time  without  starv- 
ing. Mr.  Hall  might  have  retorted,  "Why  don't  you  follow  your 
own  advice?"  Two  of  Mr.  Hall's  sisters  visited  him  in  Cam- 
bridge, and  were  so  much  dissatisfied  with  his  poverty  that  they 
advised  Mrs.  Hall  to  persuade  her  husband  to  adopt  some  more 
profitable  profession.     Of  course  their  advice  was  not  followed. 

Mr.  Hall  now  began  writing  for  the  scientific  journals;  his 
earliest  paper  of  importance  is  in  the  Mnthematiral  Month hf^ 
vol.  III.     It  is  on  the  transformation  of  an  infinite  series  into  a 
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continued  fraction.    But  most  of  his  articles  gave  the  elements 
of  newly  discovered  comets  and  minor  planets. 

A  few  items  respecting  his  occupations  can  be  extracted  from 
Mrs.  Hall's  letters. 

May  4,  1858:  "Another  new  comet  last  night.  Mr.  Hall  has 
just  finished  computing  the  elements  of  one.  They  are  to  be 
published  in  the  Astronomical  Journal/' 

December  16,  1860:  "Mr.  Hall  is  up  almost  every  night  this 
winter  observing  zones." 

July  18,  1861:  ♦  ♦  ♦  "Big  Asaph  computing  orbits; 
this  will  make  the  sixth  he  has  done  since  March,  T  think,  besides 
computing  two  almanacs  and  writing  a  long  article  for  the  Math- 
ematical  Monthly/*  (Big  Asaph  is  a  playful  designation  of  her 
husband;  there  was  now  a  little  Asaph  in  the  family.) 

In  the  summer  of  1862  Mr.  Hall's  salary  was  again  raised; 
but  it  was  still  inadequate  to  defray  the  expenses  of  generous 
living,  especilally  as  the  Civil  War  had  raised  the  prices  of  all 
commodities.  Hence,  when  Congress  authorized  four  new  aids 
for  the  U.  S.  Naval  Observatory,  Mr.  Hall,  although  reluctant  to 
leave  Cambridge,  detennined  to  apply  for  one  of  these  positions, 
lie  accordingly  went  to  Washington  to  undergo  the  examination, 
and  returned  to  await  the  result.  He  learned  in  due  time  that 
he  liad  passed  and  had  been  appointed.  On  August  6  he  pro- 
ceeded again  to  Washington  to  remain  there  j)ermanently.  Mrs. 
Hall  and  her  boy  remained  at  Cambridge  for  a  few  weeks,  until 
the  disturbance  caused  by  the  fighting  about  Washington  should 
somewhat  subside.  She  rejoined  her  husband  just  after  the 
battle  of  Antietam.  The  rude  alarms  of  the  war  prevented  an 
easy  flow  of  existence. 

August  27,  Mr.  Hall  writes  to  his  wife,  still  in  the  North :  "I 
am  getting  along  as  well  as  I  can;  have  not  looked  for  a  place 
since  my  visit  to  Georgetown  on  Saturday ;  shall  go  there  again 
next  week.  I  think  we  shall  like  Georgetown  better  than  Wash- 
ington. The  Observatory  is  not  far  from  there,  and  now  that  a 
horse  railroad  is  built  between  the  two  towns,  communication  is 
easy.  I  sometimes  wish  I  could  have  stayed  in  Cambridge.  It 
is  much  pleasanter  there  and  quieter  and  better  for  study.  But 
we  will  be  content.  We  can  be  happy  together  almost  any- 
where." 
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The  second  battle  of  Bull  Run  had  just  been  fought.  From 
the  Naval  Observatory  Mr.  Hall  heard  the  roar  of  cannon  and 
rattle  of  musketry.  In  the  following  letter  he  assured  Mrs.  Hall 
that  he  was  safe. 

Washington,  September  6:  *  *  *  "You  must  not  give 
yourself  any  uneasiness  about  me.  I  shall  keep  along  about  my 
business.  We  are  now  observing  the  planet  Mars  in  the  morn- 
ing. Mr.  Ferguson  and  I  work  on  alternate  nights.  You  had 
better  take  your  time  and  visit  at  your  leisure  now.  Things  will 
be  more  settled  in  a  couple  of  weeks.*' 

The  battles  in  the  vicinity  of  Washington  filled  the  city  with 
wounded  soldiers,  some  of  whom  were  relatives  or  friends  of  the 
family,  and  not  a  little  time  was  spent  by  Mr.  Hall  in  looking 
after  the  latter.  Some  were  brought  to  the  house  in  which  he 
was  temporarily  living,  and  nursed  there  by  his  wife  and  himself. 
He  had  a  severe  experience  in  getting  acclimated  to  Washington, 
so  much  so  that  he  wrote  to  me  to  exchange  places  with  him,  in 
a  joking  way,  of  course,  as  he  knew  the  Navy  Department  could 
not  allow  such  a  thing.  The  military  camps  in  and  about  the 
city  produced  a  very  unsanitary  condition  of  things,  and  diph- 
theria and  smallpox  invaded  the  house  in  which  he  was  staying, 
and  in  March,  1863,  he  was  obliged  to  send  his  family  North. 
He  himself  remained  in  the  city  through  the  summer.  Frequent 
removals  were  necessarv,  and  it  was  onlv  after  five  vears'  stav 
that  Mr.  Hall  became  the  owner  of  a  permanent  residence  in 
Georgetown. 

In  the  spring  of  1863  Professor  Hesse  resigned;  this  left  a 
vacant  place  in  the  corps  of  professors  of  mathematics  in  the 
navy.  Mr.  HalFs  friends  desired  that  he  should  be  promoted  to 
it;  but  he,  believing  that  the  oflRce  should  seek  the  man,  would 
do  nothing  but  wait.  His  wife,  however,  thought  this  was  too 
bad,  and  ventured  to  address  a  letter  to  Captain  Gillis  on  the 
matter  from  Cambridge,  Massachusetts,  where  she  was  then 
staying. 

On  May  3  Mr.  Hall  writes  to  Mrs.  Hall:  "Yesterday  after- 
noon Captain  Gillis  told  me  to  tell  you  that  the  best  answer  he 
could  make  to  your  letter  is  that  hereafter  you  may  address  me 
as  Professor  Hall.  *  *  *  You  wrote  to  Captain  Gillis,  did 
you?    What  did  you  write?"    Captain  Gillis  was  a  kindred 
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spirit  with  Professor  Hall,  and  thus  the  latter^s  promotion  ap- 
]x?ar8  to  have  taken  place  with  little  friction.  Thus,  after  many 
discouraging  circumstances,  the  battle  for  recognition  was  ended. 

Some  pleasant  incidents  occurred  about  this  time.  One  even- 
ing Professor  Hall  showed  President  Lincoln  and  Secretary 
Stanton  some  objects  with  the  equatorial.  A  few  nights  after- 
wards the  President,  unattended,  repeated  his  visit ;  he  wanted  to 
know  why  the  moon  had  appeared  inverted  in  the  telescope;  and 
when  his  wishes  on  this  point  had  been  gratified,  he  remained  to 
converse  generally  on  astronomy. 

On  the  morning  of  July  12,  1864^,  firing  was  heard  north  of 
the  city;  General  Early  was  threatening  Washington  from  that 
side.  Professor  Hall  went  to  his  work  as  usual,  but  he  did  not 
return.  Mrs.  Hall,  with  her  little  boy,  set  out  for  the  Observa- 
tory to  ascertain  what  was  become  of  him.  A  note  on  his  table 
explained  his  absence.  "I  am  going  out  to  Fort  Lincoln ;  don't 
know  how  long  I  shall  stay ;  am  to  be  imder  Admiral  Goldsbor- 
ough.  We  all  go.  Keep  cool."  Together  with  the  other  offi- 
cials at  the  Observatory,  Professor  Hall  was  put  in  command  of 
a  number  of  workmen  from  the  Navv  Yard  who  manned  an 
intrenchment  near  Fort  Lincoln.  Many  of  them  were  foreign- 
ers, and  some  of  them  did  not  know  how  to  load  a  gun.  How- 
ever, the  Observatory  and  Xavy  Yard  people  did  not  have  to  en- 
dure the  strain  of  this  novel  position  a  long  time,  for  the  Sixth 
Corps  had  early  been  telegraphed  for,  and  they  now  came  up  the 
river  to  relieve  them. 

Having  now  traced  Professor  Hall  through  his  attempts  to 
get  a  footing  in  the  scientific  arena,  we  are  at  leisure  to  note  his 
contributions  to  the  science  of  astronomv. 

In  1863  he  deduced  a  value  for  the  constant  of  solar  i)arallax 
from  observations  of  Mars  with  equatorials  at  the  observatories 
of  Washington,  Upsala,  and  Santiago  during  the  opposition  of 
1862.  As  a  uniform  method  of  observing  was  not  followed  at 
the  three  observatories,  the  result  8."84  has  not,  perhaps,  a  high 
degree  of  precision.  Some  investigations  made  by  Professor 
Hall  afterwards  showed  that  the  method  with  two  micrometer 
wires  cutting  off  nearly  e(jual  small  segments  of  the  planet's  disk 
is  iK'tter  than  with  a  single  tangent  wire. 
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In  1864  Professor  Hall,  casting  about  for  something  to  do 
with  the  instrumental  means  at  his  command,  determined  to 
form  a  catalogue  of  the  stars  in  the  cluster  Praesepe.  Eleven  of 
the  brighter  stars  were  determined  by  the  meridian  instrimients 
of  the  Observatory,  and  the  remainder  were  interpolated  by 
means  of  differential  measures  made  at  the  Equatorial.  The 
number  of  stars  determined  was  151.  This  work  stretched  from 
1864  to  1870.  It  is  as  good  as  the  appliances  employed  per- 
mitted. Better  results  could,  doubtless,  have  been  obtained  by 
the  use  of  a  heliometer. 

In  1868,  May  2,  Professor  Hall  observed  an  occiiltation  of 
Aldebaran  in  unusual  circumstances,  the  moon  being  invisible 
at  the  time  and  only  8**  distant  from  the  sun  (Washington  Ob- 
servations for  1868,  p.  327). 

The  same  year  an  article  on  the  "Positions  of  the  Funda- 
mental Stars"  was  contributed  to  the  Astronomische  Nachricten 
(vol.  Lxxi,  p.  191),  in  which  the  haphazard  methods  of  observ- 
ing in  vogue  at  that  time  were  criticised  and  some  improvements 
suggested.     Some  of  the  latter  have  since  been  adopted. 

In  May,  1869,  Professor  Hall  was  ordered  to  observe  the  solar 
eclipse  of  August  7  on  the  eastern  coast  of  Siberia.  He  pro- 
ceeded to  San  Francisco  by  way  of  the  Isthmus,  and  thence  by 
the  United  States  vessel  Mohican  to  Plover  bay,  his  destination, 
where  he  arrived  July  30.  The  eclipse  was  observed,  but  the 
data  obtained  were  of  no  great  importance.  This  was  due  partly 
to  clouds  and  partly  to  insufficient  instrumental  outfit. 

Professor  Hall  says  in  his  report :  "With  regard  to  the  eclipse, 
I  most  sincerely  regret  that  we  had  no  means  of  taking  photo- 
graphs. As  the  weather  happened  to  be,  this  was  the  one  thing 
most  needful  for  us,  and  I  hope  that  our  fortune  in  this  respect 
may  be  a  warning  to  future  expeditions." 

The  following  year  Professor  Hall  observed  the  solar  eclipse 
of  December  22,  at  Syracuse,  in  Sicily.  He  spent  the  short  time 
of  totality  in  noting  the  appearance  of  the  solar  corona,  and  in- 
dicates his  disbelief  in  the  scientific  value  of  hand-drawn  pic- 
tures. The  utmost  one  can  do  is  to  note  the  general  impression 
produced.  Deliberation  in  sketching  an  outline  is  impossible. 
In  this  respect  it  is  much  like  the  aurora  borealis. 
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The  secular  perturbations  of  the  eight  major  planets  of  the 
solar  system  was  a  subject  that  at  all  times  interested  Professor 
Hall.  He  was  employed  by  the  Smithsonian  Institution  to 
report  on  Mr.  StockwelFs  investigation.  This  he  did  in  his 
accustomed  thorough  way,  testing  his  figures  in  many  places  by 
his  own  computation.  This  led  him  in  1870  to  publish  an 
article  in  the  American  Journal  of  Science  noticing  the  imper- 
fections of  previous  treatments  of  this  matter.  He  shows  how 
important  it  is  we  should  start  with  values  of  the  masses  quite 
approximate.  However,  it  is  still  more  important  that  the 
squares  and  product  of  the  masses  of  the  large  planets,  Jupiter 
and  Saturn,  should  be  properly  taken  into  account  in  the  investi- 
gation. 

In  1872  he  reported  on  observations  of  Encke's  comet,  both  for 
position  and  physical  appearance,  during  its  apparition  of  1871. 
Sixteen  observations  for  position  were  obtained  between  Novem- 
ber 2  and  December  7. 

Professor  Hall  says :  "I  first  saw  this  comet  in  1858,  and  have 
observed  it  at  four  returns.  My  impression  is  that  it  has  been 
fainter  during  its  present  return  than  I  have  ever  seen  it  before, 
considering  its  distance  from  the  earth  and  sun.  To  an  ol>server 
who  sees  such  changes  going  on,  the  question  will  naturally  occur 
whether  his  determinations  of  position  made  at  different  times 
and  when  the  comet  has  such  different  forms  are  strictly  com- 
parable. It  would  appear  that  this  should  l)c  carefully  consid- 
ered in  anv  discussion  of  the  motion  of  the  comet." 

In  connection  with  this  matter,  Professor  Hall,  about  this 
time,  contributed  to  the  American  Journal  of  Scienre  an  article 
on  the  "Astronomical  Proof  of  a  Resisting  Medium  in  Space." 
He  considers  that  the  comets  of  Faye  and  Winnecke  do  not  sui>- 
port  the  hypothesis  of  a  resisting  medium,  which  Encke  thought 
thoroughly  established  by  the  motions  of  his  comet.  Professor 
Hall  points  out  the  logical  incompleteness  of  the  proof  of  the 
action  of  a  cause  simply  because  it  accounts  tor  the  observed 
facts ;  it  is  necessary  to  show,  in  addition,  that  no  other  cause  is 
capable  of  so  doing.  His  prevision  in  this  matter  was  amply 
confirmed  by  the  subsequent  researches  of  Von  Asten,  when  it 
was  found  that  Encke's  modulus  of  resistance  had  to  be  greatly 
cut  down. 
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Professor  Hall  was  the  chief  of  the  party  sent  to  Vladivostok 
to  observe  the  transit  of  Venus  of  December  8,  1874.  Six  men 
accompanied  him  in  various  capacities.  He  left  Washington 
July  11  and  arrived  at  San  Francisco  July  21.  Messrs.  Harris 
son  and  Gardner,  in  charge  of  the  instruments  of  all  the  north- 
ern parties,  made  the  journey  from  Washington  to  San  Francisco 
on  freight  trains.  The  party  sailed  from  San  Francisco  July  28, 
in  the  steamship  Alaska,  and  reached  Yokohama  August  20. 
liCaving  this  place  on  the  26th,  they  reached  Nagasaki  August 
30.  On  September  3,  aboard  the  U.  S.  steamer  Kearsarge,  the 
whole  party  was  conveyed  to  Vladivostok,  which  was  reached 
September  7,  and  baggage  and  instruments  were  landed  Septem- 
ber 9. 

A  battle  was  immediately  commenced  with  the  untoward  cli- 
mate of  Vladivostok.  The  party  seem  to  have  bc»en  at  their  wits' 
end  how  to  protect  their  instruments  and  still  leave  it  possible  to 
observe  with  them.  Driven  away  from  their  first  chosen  site  hy 
the  wind,  with  difficulty  they  found  a  second.  Professor  Hall 
gives  a  somewhat  sarcastic  account  of  the  conditions:  *lt  was  a 
puzzling  question  what  to  do  with  the  equatorial  house.  The 
winds  at  Vladivostok  are  extremely  violent,  and  the  roof  of  this 
liouse  was  so  designed  as  to  give  the  winds  a  strong  hold  of  it. 
Finally,  four  posts  were  set  firmly  in  the  ground;  holes  were 
bored  in  the  roof  of  the  house;  strong  ropes  passed  around  the 
main  rafters  and  made  fast  to  the  posts.  To  keep  the  wind  out 
of  the  house,  a  curtain  was  made  of  old  canvas,  furnished  by 
Captain  Harmony,  and  nailed  and  drawn  down  around  the  body 
of  the  house.  In  this  way  the  roof  was  made  secure,  and  wind 
and  snow  were,  in  a  good  degree,  kept  out  of  the  house.  But,  at 
the  same  time,  the  house  was  rendered  nearlv  useless  for  ordi- 
nary  observations,  since  if  we  untied  the  fastenings  and  opened 
the  shutters  we  were  in  danger  of  having  the  roof  blown  off  and 
our  equatorial  broken.  Aften^^ard  I  regretted  not  having  fol- 
lowed the  plan  proposed  by  Captain  Harmony  aijd  by  Mr.  Smith, 
of  building  a  strong  plank  fence  a  few  feet  outside  the  house, 
bracing  this  fence  from  the  inside  and  banking  it  with  dirt  on 
the  outside,  and  letting  tlie  planks  rise  a  few  feet  above  the  eaves 
of  the  roof;  but  I  had  such  an  experience  in  building  that  I  very 
much  disliked  undertaking  anything  more  in  Vladivostok.'* 

259 


NATIONAL   ACADEMY   OF   SCIENCES. 

The  transit  instrument  was  found  to  have  been  very  slovenly 
constructed.  Professor  Hall  says:  "Of  the  three  spirit-levels 
furnished  by  the  maker,  two  were  utterly  worthless,  and  the 
third  was  kept  to  be  used  only  in  case  of  necessity." 

With  regard  to  the  photographic  apparatus,  he  says:  ^The 
heliostat  and  clock  had  been  so  profusely  oiled  that  they  would 
not  run  in  cold  weather.  They  were  carefully  cleaned  by  Mr. 
Gardner ;  no  oil  was  applied  except  a  little  at  the  bearing  of  the 
pendulum,  and  afterward  they  performed  tolerably  well.  •  ♦  ♦ 
In  accordance  with  the  last  directions  received  from  the  commis- 
sion, we  had  covered  our  heliostat  pier  and  the  coffin-shaped  plate 
with  white  cloth.  After  this  was  done  the  photographs  were 
blurred,  and  it  was  at  first  supposed  that  the  focal  distance  had 
been  erroneously  measured.  The  coflBn-shaped  plate  was  moved 
and  the  focal  distance  changed  to  correspond  with  that  found  by 
experiment  with  ground  glass,  but  the  photographs  were  no  bet- 
ter. After  some  delay  it  was  found  that  the  trouble  came  chiefly 
from  light  reflected  from  the  white  cloth  and  other  surfaces  to 
the  sensitive  plate.  The  cloth  was  removed  and  the  surfaces 
painted  a  dead  black  color,  with  lamp-black  and  water.  There 
still  remained  a  source  of  trouble  which  it  was  impossible  to 
avoid.  This  was  the  difference  of  temperatures  inside  and  out- 
side of  the  photographic  house,  and  which  varied  from  20**  to 
50**.  This  allied  itself  with  what  seems  to  me  the  weakest  part 
in  the  excellently  designed  apparatus  provided  by  the  commission 
for  doing  the  photographic  work — that  is,  with  the  fact  that  the 
glass  mirror  reflects  but  a  small  percentage  of  the  light.  The 
reflection  of  so  small  a  quantity  of  light  through  the  photo- 
graphic lens  made  it  necessary  to  open  the  slit  in  the  slide  to  its 
greatest  width,  2^^  inches,  and  even  then,  at  low  altitudes  to 
move  the  slide  by  hand  slowly  past  the  plate,  and  thus  lengthen 
the  time  of  exposure.  But  if  the  time  of  exposure  was  much 
lengthened,  the  difference  of  temperatures  made  the  photographs 
blurred  and  indistinct  around  the  edge  of  the  sun.  It  was  de- 
cided to  make  faint  and  sharp  photographs  rather  than  those 
with  blurred  edges,  and  as  dense  as  the  photographers  had  been 
instructed  to  make." 

"On  the  morning  of  the  day  of  transit  the  apparatus  was  in 
good  adjustment,  and  Mr.  Clark  and  his  assistants  had  every- 
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thing  in  readiness  for  making  200  photographs.  At  the  time  of 
the  first  and  second  contacts  the  haze  prevented  them  from 
making  any  photographs,  although  the  telescopes  gave  us  faint 
but  very  fine  images  of  the  sun  and  Venus.  After  Venus  had 
entered  wholly  on  the  sun's  disk  the  haze  became  thinner^  and  a 
few  photographs  were  made,  when  we  were  stopped  by  denser 
haze.  About  an  hour  after  this  another  set  of  photographs  was 
made,  and  still  later,  and  near  the  end  of  the  transit,  nine  photo- 
graphs were  made.  There  are  13,  I  think,  that  will  admit  of 
measurement.  The  others  will  be  found  probably  too  faint  to  be 
used.*' 

Thus,  on  account  of  atmospheric  haze  and  imperfect  appa- 
ratus, the  expectations  entertained  were  not  fulfilled.* 

In  1866  and  1867  Professor  Hall  was  assistant  to  Professor 
Newcomb  on  the  new  transit  circle.  For  a  few  months  at  the 
end  of  1867  he  was  in  charge  of  this  instrument.  From  1868 
to  his  departure  for  Vladivostok  he  was  in  charge  of  the  small 
equatorial.  In  May,  1875,  he  was  put  in  charge  of  the  Clark 
refractor,  which  he  held  to  his  retirement. 

In  1875  he  proposed  to  derive  the  mass  of  Mars  from  the  mo- 
tions of  the  minor  planets,  whose  periods  are  nearly  double  that 
of  the  first-mentioned  planet.  He  gives  the  formulas  for  deriv- 
ing the  coeflScients  of  the  long-period  terms  in  the  longitude  of 
the  minor  planet,  and  a  table  to  facilitate  the  computation,  and 
then  makes  application  to  32  of  these  bodies.  The  practical 
objection  to  this  is  that  we  have  to  wait  until  a  large  fraction  of 
the  period  has  elapsed. 

On  December  7,  1876,  Professor  Hall  noticed  a  brilliant  white 
spot  on  the  ball  of  Saturn.  It  continued  to  be  visible  imtil  Jan- 
uary 2,  1877.  He  immediately  made  use  of  it  to  determine  the 
time  of  rotation  of  Saturn.  Sir  William  Herschel  had  made  a 
determination,  but  the  statement  of  it  in  the  books  had  got 
vitiated. 

In  a  memoir  of  the  same  year  (1877)  he  considers  the  equa- 
tion of  the  curve  of  the  outline  of  the  shadow  of  the  ball  of 

*  I  have  not  been  able  to  find  Professor  HalFs  report  printed  in 
any  scientific  Journal  or  collection.  Fortunately,  what  appears  to  be 
an  unabridged  edition  of  it  is  published  in  the  New  York  Daily 
Tribune^  for  March  26,  1875. 
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Saturn  on  the  ring.  The  treatment  of  this  question  is  greatly 
simplified  by  the  consideration  that  the  diameter  of  the  sun  as 
seen  from  Saturn  is  only  about  3';  hence,  for  all  practical  pur- 
poses, it  suflSces  to  reduce  that  body  to  a  point.  But  Professor 
Hall  treats  the  question  in  its  most  general  form,  and  the  equa- 
tions evolved  are  interesting  from  the  mathematical  side. 

We  now  come  to  the  principal  achievement  of  Professor  Hall, 
the  discovery  of  the  two  satellites  of  Mars.  The  exploit  created 
so  much  excitement  in  the  scientific  world  at  the  time  that  even 
now,  after  the  lapse  of  thirty  years,  the  history  of  it  seems  very 
trite.  Of  course,  when  men  have  made  a  long  and  painful 
search  for  a  thing  without  success,  they  feel  warranted  in  saying 
it  does  not  exist.  In  this  way  the  text-books  repeated  the  state- 
ment, "Mars  has  no  moon.^'  But  the  opposition  of  Mars  in  1877 
was  a  very  favorable  one,  and,  still  more,  the  instrument  Pro- 
fessor Hall  had  at  command  considerably  exceeded  in  space- 
penetrating  power  any  that  had  been  previously  constructed.  On 
these  accounts  he  thought  that  it  could  not  be  laid  to  his  charge 
that  he  had  wasted  his  energies,  even  if  he  discovered  nothing, 
for  negative  knowledge  is  sometimes  as  valuable  as  positive. 

Mars  reached  its  stationary  point  August  6,  and  a  month  later 
it  was  in  opposition.  The  search  was  begun  early  in  August. 
Between  the  4th  and  the  10th  no  observations  are  recorded,  but 
on  the  10th  Mars'  white  spot  is  observed,  with  the  remarks: 
"Planet  blazing;  clouds  passing."  On  the  11th  the  remark  is: 
"Seeing  good  for  Mars."  At  14^  42°*  a  faint  star  near  Mars  was 
measured  (this  was  Deimos),  when  fog  from  the  Potomac  inter- 
rupted observation.  Unfavorable  weather  continued  to  August 
15,  when  the  white  spot  of  Mars  is  seen,  and  the  remark  is: 
"Images  blazing."  On  the  16th  Deimos  is  seen  and  measured 
twice,  the  result  showing  that  it  was  attending  Mars.  On  the 
17th  not  only  is  Deimos  seen,  but  a  new  object  is  detected.  To 
the  later  obsen'ation  is  added  the  remark :  "Daylight.  Both  the 
above  objects  faint,  but  distinctly  seen  by  George  Anderson  and 
myself."  The  observations  of  the  17th  and  18th  clearly  estab- 
lished the  character  of  these  objects,  and  Admiral  Rodgers  pub- 
licly announced  the  discovery.  For  some  time  the  inner  moon 
was  a  puzzle,  but  by  making  a  prolonged  watch  on  the  nights  of 
August  20  and  21  the  identity  of  the  objetit  at  its  several  appear- 
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ances  was  made  out.  The  glare  of  Mars  so  generally  interfered 
with  the  visibility  of  the  satellites  that  it  was  necessary  to  slide 
the  eye-piece  so  as  to  keep  the  planet  outside  the  field  of  view. 

This  discovery  produced  a  great  sensation.  I  remember  visit- 
ing my  bookseller  in  New  York  just  as  the  public  announcement 
was  made.  The  first  thing  he  did  on  my  entering  his  place  was 
to  thrust  the  morning  paper  under  my  eye  and  point  to  an  edi- 
torial, with  *^hat  do  you  think  of  that?"  I  took  time  to  read 
the  heading  and  the  first  line,  and  replied,  "That's  a  moon  hoax.'' 
Information  came  from  Washington  the  next  day  that  effectually 
disposed  of  this  view.  A  craze  for  discovering  satellites  took 
possession  of  many  people.  One  man  in  Pennsylvania,  the  owner 
of  a  small  telescope,  wrote  to  Professor  Hall,  "I  have  discovered 
a  satellite,  and  it  goes  round  the  primary  in  five  seconds."  Envy, 
too,  was  not  wanting;  but  Professor  Hall  could  afford  to  stand 
by  and  smile;  the  joke  was  all  on  his  side. 

As  to  the  amount  of  credit  due  to  Professor  Hall  in  this  mat- 
ter, it  is  certainly  a  singular  fact  that  after  the  discovery  no 
astronomer  put  in  a  claim  that  he  also  had  intended  to  prosecute 
a  search  for  satellites,  but  had  not  yet  taken  opportunity  to  com- 
mence work.  Thus  it  would  seem  that  Professor  Hall  in  1877 
was  the  only  astronomer  who  indulged  such  an  intention  and 
carried  it  out.  We  shall  do  no  one  a  wrong  in  saying  that  if  it 
had  not  been  for  Professor  Hall  the  great  opportimity  of  1877 
would  have  passed  without  the  discovery  of  these  bodies.  Pro- 
fessor Hall  was  an  exceedingly  modest  man  in  reference  to  his 
achievement — modest  beyond  what  the  occasion  called  for.  He 
more  than  once  said  to  me,  "Mr.  George  P.  Bond  should  have 
discovered  these  satellites  in  1862;  his  telescope  was  powerful 
enough  to  reveal  them."  I  would  reply  in  a  bantering  way,  *TIe 
very  kindly  left  the  nuggets  for  you  to  pick  up."  After  the 
discovery,  it  was  surprising  what  a  number  of  relatively  small 
telescopes  revealed  these  satellites;  so  much  easier  is  it  to  dis- 
cover what  has  already  been  discovered. 

Measurement  of  these  satellites  continued  to  be  the  care  of 
Professor  Hall  until  he  closed  his  work  at  the  TT.  S.  Naval  Ob- 
servatory, in  1892. 

Professor  Hall  reported  on  the  transit  of  Mercury  of  May  6, 
1878,  which  he  attended  to  in  Washington.     Mr.  Joseph  A. 
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S(^ers  having  made  216  dry  plates,  72  of  them  were  exposed  in 
Washington.  The  third  and  fourth  contacts  were  observed; 
the  others  were  missed.  The  diameter  of  the  planet  was  meas- 
ured with  the  double-image  micrometer,  but  the  results  were 
deemed  of  slight  importance. 

The  same  year  he  journeyed  to  Colorado  to  observe  the  solar 
eclipse  of  July  29.  His  station  was  La  Junta,  on  the  line  of  the 
Atchison,  Topeka  and  Santa  F6  railroad. 

Professor  Hall  reports:  ^The  day  at  La  Junta  was  all  that 
could  be  desired  for  observing  a  total  eclipse.  My  own  special 
work  during  totality  was  searching  for  an  intra-mercurial  pUaet, 
the  supposed  Vulcan,  indicated  by  the  researches  of  Leverrier  on 
the  orbit  of  Mercury.  Before  the  eclipse  I  studied  the  configura- 
tion of  the  stars  as  they  are  laid  down  on  the  chart  published  by 
the  Observatory,  and  during  totality  a  copy  of  this  chart  was 
placed  a  few  feet  in  front  of  me,  so  that  I  could  refer  to  it  in- 
stantly. As  soon  as  totality  began  I  turned  my  shade  to  the  free 
opening  and  conmienced  sweeping  above  the  sim  and  near  the 
ecliptic.  My  sweeps  extended  from  the  brighter  part  of  the 
corona  to  a  distance  of  about  ten  degrees  from  the  sun.  The 
magnifying  power  was  so  great  that  the  sweeping  could  not  be 
done  very  rapidly.  In  this  part  of  the  sky  I  saw  nothing  but  the 
stars  laid  down  on  the  chart.  *  ♦  *  The  interior  part  of  the 
corona  seemed  to  me  very  bright — much  brighter  than  the  corona 
I  saw  at  Syracuse,  Sicily,  in  1870.  ♦  •  *  The  darkness  dur- 
ing totality  at  La  Jimta  was  very  slight,  and  I  could  read  my 
chronometer  and  could  see  the  stars  on  the  chart  with  ease  and 
without  the  aid  of  artificial  light. 

"At  La  Junta  I  was  struck  with  the  clearness  and  beauty  of  the 
sky  at  night.  I  could  see  distinctly  and  steadily  with  the  naked 
eye  X  Ursae  Minoris,  a  star  that  I  have  never  been  able  to  see  at 
Washington  in  this  manner,  although  I  have  made  many  trials 
and  know,  of  course,  just  where  to  look.  The  number  of  stars 
visible  to  the  naked  eye  was  greatly  increased.  But  the  most 
striking  change  was  in  the  appearance  of  the  Milky  Way.  The 
outlines  and  divisions  of  this  great  starry  ring  were  seen  witii 
wonderful  distinctness.  A  few  hours  after  sunset,  when  the  in- 
t^ise  heat  of  the  ground  had  passed  away,  the  images  of  stars  in 
our  telescopes  were  good.     I  cannot  but  think  that  those  elevated 
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plains  offer  advantages  for  astronomical  observations  that  have 
not  hitherto  been  made  use  of.  An  obvious  objection  to  the  use 
of  large  telescopes  in  those  regions  is  the  great  change  of  temper- 
ature from  day  to  night.    It  might  be  necessary  that  the  observer 

• 

should  work  from  midnight  until  morning,  but  these  are  gener- 
ally the  best  hours  of  the  night  at  any  place.  This  interesting 
question  will  not,  I  think,  be  definitely  settled  until  a  complete 
and  careful  experiment  has  been  made.  The  reports  of  observers 
who  have  had  an  experience  of  a  few  days  or  weeks  are  apt  to  be 
conflicting  and  unsatisfactory.  The  elevated  plains  of  our  coun- 
try are  now  easy  of  access,  and  in  order  to  decide  the  question,  an 
experienced  astronomer  with  a  good  telescope  should  be  placed 
in  an  elevated  position,  and  should  continue  his  observations  for 
several  years.'* 

As  more  than  one  astronomer,  on  this  occasion,  announced  the 
discovery  of  intramercurial  planets.  Professor  HalFs  remarks 
have  an  interest. 

In  1880  Professor  Hall  gathered  together  and  published  his 
observations,  1,614  in  number,  of  double  stars.  They  include  a 
few  made  in  1863  with  the  smaller  equatorial.  In  the  introduc- 
tion, which  is  an  admirable  exposition  of  the  difficulties  which 
beset  the  observer  with  an  equatorial.  Professor  Hall  is  very 
frank  in  stating  the  imperfections  of  the  driving  clock  and  the 
dome  as  well  as  the  imperfection  of  his  eyes. 

In  1882  was  published  an  investigation  of  the  parallaxes 
of  A  LyrsB  Mid  61  Cygni  from  observations  with  the  large  equa- 
torial. A  sensible  temperature  coefficient  was  found  for  the  rev- 
olution of  the  micrometer  screw,  although  previously  it  had  been 
assumed  that  it  was  insensible.  An  abbreviated  statement  of  the 
observations  of  a  Lyrae  made  at  the  prime  vertical  from  1862  to 
1867  is  appended,  showing  a  negative  parallax. 

In  the  autumn  of  1879  the  satellites  of  Mars  were  again  ob- 
served. Professor  Hall  says:  '^he  observations  were  made  in 
the  following  manner :  In  order  to  avoid  sliding  the  eye-piece,  as 
was  done  in  1877,  a  piece  of  colored  glass,  covering  one-half  the 
field  of  view,  was  inserted  in  the  forward  end  of  the  eye-piece, 
near  the  micrometer  wires.  It  might  be  better  to  silver  one-half 
the  forward  lens  of  the  eye-piece,  but  an  attempt  to  do  this  did 
not  give  a  good  result.     In  making  the  observations,  the  planet 

265 


NATIONAL  ACADBMY  OF  BCIBNCB8. 

was  placed  behind  the  colored  glass,  through  which  the  wire 
could  be  seen,  and,  both  objects  being  kept  near  the  center  of  the 
field,  the  angle  of  position  and  the  distance  were  measured  by 
bisecting  the  disk  of  the  planet  and  the  satellite.  In  this  way 
the  observations  were  made  in  much  le^s  time  than  by  sliding  the 
eye-piece."  Both  satellites  were  remarkably  near  the  predicted 
position,  and  the  corrections  of  the  elements  of  their  orbits  de- 
duced from  this  series  of  observations  were  quite  minute. 

Professor  Hall  was  chief  of  the  party  that  was  sent  to  San 
Antonio,  Texas,  to  observe  the  transit  of  Venus  of  December  6, 
1882.  He  was  measurably  successful  and  brought  away  a  con- 
siderable number  of  photographs.  I  have  not  been  a})le  to  find 
his  report  in  print. 

In  1884  he  discussed  the  observations  of  Hyperion.  From 
1852,  when  Lassell  had  observed  tliis  satellite  of  Saturn,  up  to 
1875,  when  Professor  Hall  commenced  to  observe  it,  no  observa- 
tions had  been  made.  The  discussion  brought  out  the  interest- 
ing facts  of  a  nearly  constant  eccentricity  and  a  peri-satumium 
retrograding  about  20°  a  year.  Professor  Hall  gave  expressions 
for  the  perturbations  arising  from  the  action  of  Titan.  These 
data  soon  led  astronomers  to  perceive  that  Hyperion  afforded  an 
example  of  a  periodic  solution  in  the  problem  of  three  bodies. 
There  was  still  some  de])ate  as  to  the  mass  of  Titan ;  but  this  was 
soon  settled. 

His  being  in  charge  of  the  Clark  refractor  seemed  to  point 
him  out  as  the  man  who  should  have  the  care  of  all  the  satelliteis 
of  the  solar  system,  excepting  those  of  the  earth  and  Jupiter. 
Hence  in  1885  he  published  a  discussion  of  his  observations  of 
Oberon  and  Titania,  reaching  from  1875  to  1884,  deducing  cor- 
rections to  the  elements  and  the  mass  of  Uranus. 

The  satellite  of  Neptune  was  treated  in  a  similar  manner  in 
another  memoir  composed  about  the  same  time. 

Next  lapetus  was  investigated,  the  longer  time  this  satellite 
has  been  known  and  the  slowness  of  its  motion  demanding  more 
extensive  treatment.  The  memoir  containing  this  investigation 
is  among  the  most  admirable  pieces  of  astronomical  literature. 
Nothing  can  exceed  the  clearness  ami  precision  of  its  statements, 
}>oth  on  the  observational  and  mathematical  sides.  We  are  re- 
minded of  Bessel.     After  the  lapse  of  a  quarter  of  a  century,  it  is 
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scarcely  superseded.  The  amount  of  pains  taken  to  have  every* 
thing  right  is  a  subject  for  wonder.  The  elements  are  deduced 
from  ten. years'  observations,  extending  from  1874  to  1884,  ex- 
cept that  observations  of  Sir  William  and  Sir  John  Herschel 
were  used  in  getting  the  period.  The  mass  of  Titan  is  assumed 
at  a  10,000th  part  of  that  of  Saturn ;  it  is  now  known  that  it  is 
more  than  double  this.  The  mass  of  Saturn,  derived  by  Pro- 
fessor Hall  from  his  measures  of  the  distance  between  the  two 
bodies,  is  half  a  per  cent  greater  than  is  indicated  by  the  action 
of  the  planet  on  Jupiter.  It  will  be  noticed  that  the  observa- 
tions of  1874,  1883,  and  1884  give  a  result  that  is  quite  different 
from  that  of  the  years  1875-1881.  Some  abnormal  appearance 
of  Saturn  and  its  ring  must  have  interfered  with  the  measure- 
ment of  the  distance  between  the  two  bodies.  Tables  for  the 
motion  of  the  satellite  conclude  the  memoir. 

When  the  memoir  on  lapetus  was  finished  Professor  Hall  im- 
mediately took  up  the  six  inner  satellites  of  Saturn  and  treated 
them  on  a  plan  precisely  similar  to  that  followed  in  the  preceding 
memoir.  Here  he  found  a  mass  of  Saturn  still  larger  than  that 
just  mentioned;  and  a  similar  cause  must  have  acted  to  vitiate 
the  measurements  of  distance. 

This  was  followed  bv  the  memoir  entitled  "Observations  for 
Stellar  Parallax,''  in  which  Professor  Hall,  after  detailing  his 
efforts  to  obtain  a  more  certain  value  of  a  revolution  of  the 
micrometer  screw,  gives  and  discusses  his  observations  for  the 
parallax  of  two  stars  and  rectified  his  previous  discussion  of  the 
parallaxes  of  a  Lyrae  and  61  Cygni,  it  having  been  discovered 
that  the  correction  for  temperative  had  been  applied  with  the 
wrong  sign.  For  the  latter  stars  some  new  observations  were 
added  to  the  discussion. 

In  1889  Professor  Hall  gathered  together  the  various  notes  he 
had  made  on  the  appearance  of  Saturn  and  its  ring  in  the  in- 
terval 1875-1889.  The  memoir  contains  also  the  measures  he 
had  made  of  the  dimensions  of  the  ring  and  their  reduction.  But 
the  principal  statement  is  the  showing  that  the  theory  of  Otto 
Struve,  asserting  the  imminent  precipitation  of  the  ring  upon 
the  ball,  was  without  warrant. 

During  these  years  Professor  Hall  was  much  engaged  with  the 
matter  of  removing  the  U.  S.  Naval  Observatory  to  a  new  site. 
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Thie  question  was  agitated  for  a  long  time  before  Congress  au* 
thorized  the  removal  and  appropriated  money  for  purchasing  a 
new  site.  The  unhealthfulness  of  the  locality  occupied  by  the 
Observatory  was  conceded  by  all  who  were  in  a  position  to  know. 
This,  however,  was  not  sufficient  to  overcome  the  inertia ;  but  at 
length  it  was  seen  that  the  Observatory  would  probably  be  in  the 
way  of  the  schemes  for  improving  the  water  front  of  Washington. 
Thus  Congress  was  induced  to  provide  the  sum  necessary.  A 
large  number  of  places  were  offered  to  the  Government  for  the 
purpose,  and  a  board  composed  of  Observatory  officials  was  ap- 
pointed to  ascertain  the  advantages  of  each  place  and  to  report 
thereon.  Professor  Hall  was  a  prominent  man  on  this  board. 
A  very  thorough  investigation  was  made,  and  the  present  site  of 
the  Observatory  (then  known  as  the  Barber  place)  was  recom- 
mended. This  so  offended  the  unsuccessful  offerers  that  they 
accused  the  board  of  undue  partiality.  The  Navy  Department 
thought  best  to  appoint  a  new  board,  composed  of  scientists  at  a 
distance  from  Washington ;  but  the  new  board  simply  confirmed 
the  recommendation  of  the  first.  After  the  site  was  purchased, 
there  was  a  great  deal  of  friction  in  getting  the  new  buildings 
erected.  The  first  contract,  after  the  time  had  been  lengthened, 
was  declared  forfeited  and  a  new  one  was  formed.  It  was  not 
till  1892  that  the  instruments  were  moved  into  the  new  quarters. 

Prom  the  autunm  of  1885  to  the  spring  of  1887  Professor  Hall 
measured  the  positions  of  63  small  stars,  relative  to  the  brighter 
ones  in  their  neighborhood,  of  the  group  of  the  Pleiades.  This 
was  done  in  order  that  in  the  future  it  might  be  determined 
whether  the  two  classes  of  stars  had  a  general  relative  proper 
motion.    The  average  magnitude  of  the  small  stars  was  12.4. 

About  the  same  time  Professor  Hall  was  observing  to  get  the 
stellar  parallax  of  a  Tauri.  His  result  was  only  one-fifth  of  that 
of  Otto  Struve. 

The  next  memoir  of  Professor  Hall  is  on  the  constant  of  aber- 
ration. In  this  he  gathers  and  discusses  the  equations  resulting 
from  the  observations  of  a  LyrsB  made  at  Washington  with  the 
prime  vertical  instrument  in  the  years  1862-1867.  Some  sus- 
picion attached  to  these  observations  because  they  give  a  nega- 
tive parallax  for  the  star;  but  Professor  Hall  thought  that  the 
value  of  the  constant  of  aberration  derived  from  them  was  not 
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greatly  vitiated  by  this  circumstance,  and  he  declares  his  im- 
pression that  the  method  of  getting  the  constant  of  solar  parallax 
from  that  of  aberration  is  the  best  astronomers  now  have. 

In  a  memoir  on  the  extension  of  the  law  of  gravitation  to 
stellar  systems,  Professor  Hall  expresses  the  opinion  that  we  are 
hardly  warranted  at  present  in  making  the  extension. 

As  Professor  Hall  was  to  be  retired  on  October  15,  1891,  hav- 
ing then  attained  the  age  of  62,  just  before  retirement  he  col- 
lected his  observations  of  double  stars  made  during  the  interval 
1880-1891. 

In  the  year  1889  the  orbit  plane  of  lapetus  returned  to  a  posi- 
tion similar  to  that  of  1875,  except  that  the  apparent  motion  of 
the  satellite  was  reversed;  hence  in  this  year  Professor  Hall 
began  another  series  of  observations  which  were  continued  in  the 
opposition  of  1890.  The  principal  result  of  the  discussion  of 
these  was  a  smaller  value  of  the  mass  of  Saturn  than  was  ob- 
tained in  the  earlier  investigation,  but  still  larger  than  the  com- 
monly accepted  value. 

In  a  memoir  of  1892  on  the  relative  motion  of  61  Cygni,  Pro- 
fessor Hall  discusses  his  own  and  his  predecessors'  observations, 
with  the  result  that  the  two  components  are  physically  connected. 
The  addition  of  terms  proportional  to  the  square  of  the  time 
brings  the  theory  in  accord  with  observation. 

In  a  supplement  to  his  second  collection  of  observations  of 
double  stars.  Professor  Hall  derives  formulas  representing  the  co- 
ordinates of  the  more  interesting. 

Although  Professor  Hall  had  been  retired,  the  Superintendent 
of  the  Observatory  tendered  him  the  use  of  the  Clark  refractor 
for  observing  the  satellites  of  Mars  in  the  summer  of  1892.  The 
discussion  of  the  observations  is  found  in  the  Astronomical  Jour- 
nal, vol.  XII. 

Having,  in  the  just-mentioned  memoir,  deduced  a  new  value 
for  the  revolution  of  the  micrometer  screw.  Professor  Hall,  in 
another  article  on  the  masses  of  Mars,  Saturn,  Uranus,  and  Nep- 
tune, modified  his  previously  given  values  of  these  masses  to  ac- 
cord therewith. 

In  a  memoir  of  1893  the  perturbations  of  Flora  by  Mars  and 
the  earth  are  somewhat  rudelv  derived,  but  with  sufficient  detail 
to  show  that  they  are  of  no  great  moment. 
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In  "A  Suggestion  in  the  Theory  of  Mercury/'  a  memoir  of 
1894,  Professor  Hall,  using  a  formula  of  Bertrand,  showed  that 
the  unaccounted-for  part  of  th6  motion  of  the  perihelion  of  Mer- 
cury could  be  explained  if  the  exponent  — 2  of  gravitation  was 
algebraically  diminished  by  a  very  small  fraction.  This  sug- 
gestion was  adopted  by  Professor  Newcomb  in  forming  his  tables 
of  the  interior  planets. 

The  same  year  Professor  Hall  published  a  memoir  on  the 
orbits  of  double  stars,  giving  a  very  lucid  exposition  of  the 
formulas  and  methods  for  deriving  them  from  the  observations. 

In  1896  Professor  Hall  published  the  absolute  perturbations 
of  Nemausa  of  the  first  order  by  Jupiter.  Tliey  are  compared 
with  normals  covering  34  years  of  observation,  and  the  accord  is 
so  good  that  tables  might  be  constructed  from  this  investigation 
accurate  enough  to  give  fair  positions  of  this  planet  in  the  future. 

In  1898  Professor  Hall  discussed  the  observations  of  the  satel- 
lite of  Neptune  made  during  the  preceding  opposition,  at  the 
Yorkes  Observatory,  by  Professor  Barnard,  and  derived  a  new  set 
of  elements.  He  points  out  the  desirability  of  continuing  ob- 
servations of  this  sort  in  order  that  the  ellipticity  of  the  planet 
iiiav  be  determined. 

Two  years  later  Professor  Hall,  then  residing  at  Cambridge, 
iisod  his  opportunity  to  investigate,  as  far  as  the  preserved  docu- 
ments permitted,  the  observations  of  this  satellite  made  by  the 
two  Bonds  in  1847  and  1848.  The  conclusion  he  comes  to  is 
that  the  methods  of  treatment  adopted  for  the  Cambridge  obser- 
vations is  quite  superior  to  that  followed  at  Pulkova. 

In  1902  Professor  Hall  has  a  memoir  considering  the  mass  of 
the  rings  of  Saturn.  He  first  assumes  plausible  values  for  the 
elements  of  the  problem,  which  lead  to  a  negative  value  for  the 
mass  under  consideration.  However,  it  is  easv  to  make  such 
changes  in  the  elements  as  will  render  the  mass  positive.  The 
nebular  hypothesis  would  lead  us  to  suppose  that  the  mass  of  the 
rings  relatively  to  the  mass  of  Saturn  is  not  greater  than  the 
mass  of  the  interior  planets  of  the  solar  system  relatively  to  that 
of  the  sun. 

The  last  article  Professor  Hall  contributed  to  the  scientific 
journals  is  on  stellar  parallax,  and  bears  date  September  *20, 
1906. 
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From  the  preceding  exposition  it  will  be  seen  how  varied  and 
numerous  were  Professor  Hall's  investigations  in  astronomy  in 
the  course  of  little  less  than  half  a  centurv. 

A  few  details  must  be  added  concerning  Professor  HalTs  social 
life  after  he  was  retired  from  active  service  in  the  United  States 
Xavy.  in  July,  1892,  Professor  Hall  had  to  endure  the  sorrow 
of  losing  his  wife.  This  lady,  of  great  refinement  and  culture, 
but  frail  physique,  had  by  her  encouragement,  sympathy,  and 
self-sacrifice  been  of  great  service  to  her  husband  in  the  pursuit 
of  his  science.  Having  finished  his  work  at  the  Observatory  at 
the  end  of  the  summer  of  1892,  Professor  Hall  still  lingered  at 
his  residence  in  Georgetown,  frequently  resorting  to  the  Obsen-a- 
tory  library  for  scientific  reading;  but  in  the  summer  of  1894  he 
began  to  think  that  the  ties  binding  him  to  Washington  were  of 
the  slightest,  and  to  indulge  a  wish  to  pass  the  rest  of  his  days 
in  the  midst  of  rusticitv.  This  led  him  to  think  of  his  native 
town,  Goshen,  where  most  of  his  relatives  resided.  Proceeding 
thither,  he  purchased  a  small  piece  of  land  with  a  house.  The 
latter  had  been  built  shortlv  before  the  Revolutionarv  War  and 
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had  served  as  a  tavern,  at  which  a  line  of  stages,  running  to  and 
from  Albany,  stopped  in  the  period  following  this  war.  In 
order  to  l)e  fit  to  live  in,  this  dwelling  had  to  be  renovated,  and 
Professor  Hall  spent  the  autumn  and  the  following  spring  in 
attending  to  this  work.  In  taking  up  the  flooring  some  coins  of 
colonial  Connecticut  were  discovered.  This  dwelling  stands  on 
the  road  between  Litchfield  and  Norfolk,  about  200  yards  south 
of  the  crossing  of  it  by  the  Gunstock  brook,  the  outlet  of  North 
pond.  This  is  a  very  retired  spot,  the  nearest  railroad  station, 
at  Norfolk,  being  seven  miles  distant.  The  screech  of  the  loco- 
motive is  not  heard  or  onlv  at  rare  times,  and  then  verv  faintlv. 
Telegraph  or  telephone  poles  are  not  visible  on  the  road.  This 
place  is  about  two  miles  north  of  where  Professor  Hall  was  bom. 
He  dubbed  it  "Gunstock.*' 

In  1896  he  received  an  invitation  from  Harvard  Universitv 
to  give  instruction  in  celestial  mechanics.  Acceptance  of  this 
would  involve  an  interruption  in  his  plan  of  rustic  life;  never- 
theless he  decided  to  accept:  but  he  stayed  in  Cambridge  only 
during  term  time,  all  his  vacations  being  spent  at  "Gunstock." 
At  first  his  position  at  Harvard  did  not  make  him  a  member  of 
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the  faculty ;  but  it  was  soon  discovered  that  he  was  a  capital  man 
in  the  social  line,  and  his  rank  was  so  changed  that  he  became  a 
member  of  the  governing  board.  His  lectures  were  addressed 
to  undergraduates  and  made  an  elective  course  for  the  obtaining 
the  bachelor's  degree.  Professor  Hall  therefore  could  not  in- 
dulge in  research  work  before  his  class.  As  Qauss'  Theoria 
Motus  mainly  turns  on  spherical  trigonometry,  in  which  the  stu- 
dents coming  to  him  should  be  proficient,  he  adopted  this  book 
as  outlining  the  drift  of  his  teaching.  After  five  years  of  this 
occupation,  being  now  72,  he  thought  himself  warranted  in  re- 
tiring to  his  rustic  home. 

In  the  autumn  of  1901  he  married  Miss  Mary  B.  Gauthier, 
who  survives  him. 

Planing  off  the  summit  of  a  large  rock  near  his  door,  he  bolted 
to  it  an  iron  sun  dial  constructed  after  his  own  plan.  He  had 
some  diflBculty  in  getting  the  foundrymen  in  Torrington  to  fol- 
low precisely  his  drawing.  The  light  of  the  sun  was  compelled 
to  go  through  a  conical  perforation  in  the  style  ending  in  a  pin- 
hole. This  formed  a  minute  star  on  the  horizontal  plane  of  the 
dial  which  had  a  deep  groove  on  the  line  of  the  meridian.  The 
bisection  of  the  star  by  the  sharp  line  at  the  bottom  of  the  groove 
marked  the  time  the  sun's  center  was  on  the  meridian.  By  this 
device  Professor  Hall  thought  he  got  time  correct  to  within  20 
seconds.  The  dial  was  kept  painted,  and  when  not  in  use  was 
covered  by  a  wooden  box.  When  the  neighbors  found  out  that 
Professor  Hall  had  good  time,  they  came  to  the  house  to  set  their 
watches. 

To  get  the  geographical  position  of  his  house,  Professor  Hall 
made  a  rude  triangulation  connecting  it  with  the  summit  of  Ivy 
mountain. 

Almost  the  last  episode  of  Professor  Hall's  career  was  a  i  epu- 
tation  of  his  fellow-townsmen  waiting  on  him  to  see  if  he  would 
not  represent  them  in  the  Constitutional  Convention,  since  he 
was  by  far  the  most  notable  man  in  the  town ;  but  his  reply  to 
them  was,  "Gentlemen,  I  think  you  do  an  injustice  to  your 
fellow-citizens  who  have  the  misfortune  to  live  in  the  populous 
towns.  If  I  go  to  the  convention,  I  must  vote  for  the  reform  of 
this  abuse."    The  deputation,  with  downcast  countenances,  went 
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off  to  find  a  candidate  elsewhere,  wondering  how  a  man  could  be 
80  quixotically  altruistic. 

About  Januar}',  1907,  Professor  Hall  found  himself  incapable 
of  performing  the  domestic  labors  about  his  house.  One  day  he 
said  to  his  wife,  "I  can't  swing  the  axe;  what  do  you  suppose  is 
the  matter  with  me  ?"  His  friends  were  alarmed  about  his  con- 
dition, and  a  medical  examination  showed  heart  trouble.  For- 
bidden to  exert  himself,  he  was  still  able  to  walk  about  the  house 
and  grounds  and  ride  to  the  neighboring  villages.  He  spent  the 
early  spring  at  Annapolis,  Maryland,  where  his  son  Angelo  holds 
a  position  in  the  U.  S.  Naval  Academy.  Returning,  he  spent 
the  summer  at  home;  but  at  the  beginning  of  November  it  was 
deemed  prudent  to  remove  him  from  the  rigors  of  the  Goshen 
winter.  He  seems  to  have  endured  the  fatigues  of  the  journey 
to  Annapolis  tolerably  well,  but  he  had  not  been  there  quite  three 
weeks  when  the  end  came.     He  died  November  22,  1907. 

In  noting  the  character  of  Professor  Hall  as  a  scientist  and  as 
a  man,  we  observe  that  he  has  been  called  a  self-made  man,  and 
this  partly  in  commendation,  partly  in  commiseration.  But  this 
statement  is  misleading,  if  it  is  supposed  that  it  is  equivalent  to 
the  fact  that  he  had  no  continuous  academic  training.  Whatever 
his  surroundings,  he  always  grasped  any  tool  witliin  his  reach 
that  would  serve  his  purpose,  and  wielded  it  vigorously.  If  he 
had  been  wealthy  enough  to  have  employed  a  coach,  I  am  afraid 
the  coach  would  soon  have  been  left  behind,  such  enormous 
strides  he  was  accustomed  to  take.  Mr.  Hall  was  a  bird  of  the 
species  that  can  run  as  soon  as  it  is  out  of  the  shell.  His  battle 
was  rather  with  poverty  than  lack  of  instructors.  Speaking  to 
me  of  his  great  admiration  for  the  histories  of  Gibbon  and 
Hunv\  he  said:  ^^\Tiat  a  fortimate  circumstance  it  was  for  me 
that  these  books  were  in  my  father's  library."  He  had  actually 
read  them  as  soon  as  he  could  read  at  all,  and  with  a  com- 
prehension and  appreciation  equal  to  that  of  a  man  of  forty. 
Perhaps  he  was  the  only  boy  of  his  age  in  Connecticut  who  in- 
dulged in  that  sort  of  reading.  Dickens'  Child's  History  of 
England  was  thrown  away  in  his  case.  In  a  letter  to  me  of 
February  16,  1873,  he  says:  "Some  fifteen  years  ago  it  was  my 
ambition  to  own  a  copy  of  Bowditch's  Translation  of  the  Mecan- 
ique  Cileste,    Now  I  am  thankful  I  did  not  have  money  enough 
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to  buy  it.  How  much  more  elegant  the  original  is  I*^  Mr.  Hall 
had  a  hearty  contempt  for  the  process  that  makes  a  man  a  senior 
wrangler  by  damming  the  stream  of  intellectual  effort  so  as  to 
have  the  beauty  of  a  waterfall.  He  was  the  determined  foe  of 
pedantry*  in  learning,  the  persistant  nibbling  at  the  shell  for  the 
sake  of  showing  off;  he  struck  for  the  kernel  at  the  earliest  pos- 
sible moment.  He  said,  "The  best  book  from  which  to  learn  the 
principles  of  the  infinitesimal  calculus  is  Euler's  Introductio  ad 
Analydn  Infinitorum;  there  is  no  nonsense  in  it."  This  view 
does  not  suit  the  modern  pedagogue  in  mathematics,  but  it  is 
characteristic  of  the  man  who  uttered  it.  Mr.  Hall  indulged  in 
the  luxury  of  having  favorite  authors,  and  it  was  sometimes  diflS- 
cult  to  persuade  him  that  somebody  outside  the  list  was  worth 
looking  at.  His  favorites  in  the  line  of  mathematical  astronomy 
were  Lagrange,  Laplace,  Gauss,  Hansen,  and  Bessel. 

He  had  an  Aristophanic  vein  in  his  composition,  but  only  in- 
dulged it  before  intimate  friends,  and  was  never  malicious.  In 
the  Platonic  dialogue  Phsedrus  says:  "I  am  going  for  a  walk 
outside  the  walls.*^  It  seemed  to  me  that  Mr.  Hall  was  always 
walking  outside  the  walls,  so  much  did  he  emancipate  himself 
from  custom  and  tradition. 

He  was  eminently  a  democratic  man,  and  disliked  the  naval 
etiquette  of  putting  on  airs  of  superiority  and  keeping  one's 
inferiors  in  rank  at  a  distance.  During  his  long  career  of  work 
with  the  Clark  refractor,  Mr.  Hall  was  assisted  by  Mr.  George 
Anderson,  who,  on  the  score  of  having  served  in  the  civil  war, 
had  obtained  the  position  of  a  laborer  at  the  Observatory.  Mr. 
Anderson  was  exceedingly  eflBcient  in  managing  the  dome  and 
the  driving  clock.  Professor  Hall  threw  aside  all  ceremony  in 
his  intercourse  with  Mr.  Anderson.  Two  brothers  could  not 
have  been  more  intimate.  Professor  Hall  would  call  Mr.  Ander- 
son to  the  eye-piece  of  the  telescope.  ^Well,  George,  what  do 
you  see?'  George  would  describe.  *^ell,  how  is  it  situated?*' 
George  would  again  describe  in  his  homely  way.  ^TVell,  I  think 
we  may  enter  on  the  observing  book  that  we  both  saw  it." 

Mr.  Hall  had  a  wholesome  dread  of  ''subjectivities."  He  knew 
that  Sir  William  Herschel  had  announced  four  satellites  of 
Uranus  that  turned  out  to  be  "subjectivities,"  and  at  Pulkova 
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they  had  long  observed  a  "subjectivity"  as  a  companion  of 
Procyon.     He  determined,  if  possible,  to  escape  such  mistakes. 

For  mental  relaxation  Mr.  Hall  went  to  literature.  He  was 
fond  of  history,  frequently  read  novels,  and  also  poetry  to  a 
small  extent.  In  science  he  did  not  venture  outside  of  mathe- 
matics, astronomy,  and  physics. 

Mr.  Hall  was  generous  to  a  fault.  But  what  a  world  of  grati- 
tude we  owe  him  for  his  heroic,  herculean  perseverance!  I  do 
not  suppose  that  he  ever  suffered  from  hunger,  but  he  had  only 
to  look  out  of  the  window  to  see  the  wolf  at  the  door. 

Professor  HalFs  achievements  were  such  that  honors  could  not 
fail  to  be  heaped  upon  him.  Elected  into  the  National  Academy 
of  Sciences  in  1875,  he  served  as  its  Home  Secretary  for  twelve 
years  and  its  Vice-President  for  six.  He  was  an  honorary  mem- 
ber of  nearly  all  the  scientific  societies  in  this  country  and  Eu- 
rope which  make  it  a  point  to  have  honorary  members.  For 
some  years  he  was  Consulting  Astronomer  to  the  Washburn  Ob- 
servatory at  Madison,  Wisconsin.  He  several  times  delivered 
addresses  in  his  capacity  of  president  of  a  society,  the  last  time 
being  before  the  American  Association  in  1902  at  Pittsburg.  He 
received  the  gold  medal  of  the  Royal  Astronomical  Society,  the 
Lalande  and  Arago  Prizes  from  the  Academy  of  Sciences  at 
Paris,  the  degree  of  LL.  D.  from  Harvard  and  Yale. 

The  portrait  at  the  head  of  this  memoir  represents  him  as  he 
appeared  in  his  prime.  It  is  from  a  photograph  taken  by  Mr. 
Peters,  the  photographer  to  the  Obser\'atory,  as  he  was  sitting  at 
a  desk  in  the  new  Observatory. 
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PUBLISHED  WRITINGS  OF  ASAPH  HALL, 

Professor  of  Mathematics,  U.  S.  Navy. 

Compiled  by  William  D.  Horiuan,  Librarian. 

(Communicated  by  Captain  W.  J.  Barnette,  Superintendent  of  U.  S.  Naval 

Observatory.) 

The  followiiig  list  contains  all  the  titles  that  could  be  collected 
in  time  for  the  April  meeting  of  the  Academy.  There  are  many 
journals,  especially  among  those  devoted  solely  to  mathematics, 
in  which  the  minor  articles  are  not  indexed.  In  the  class  of 
general  science,  some  of  the  journals  have  no  author-index  and 
some  have  published  no  index  whatever.  To  have  examined 
these  journals  thoroughly  would  have  consumed  a  much  longer 
time  than  that  allowed  for  the  compilation  of  the  list;  therefore 
it  may  be  properly  inferred  that  the  list  is  incomplete,  though  it 
is  believed  to  contain  every  paper  of  importance. 

It  should  be  noted  that  while  assistant  at  the  Harvard  College 
Observatory,  during  the  years  1857  to  1862,  Mr.  Hall  was  em- 
ployed on  the  transit  circle  with  the  passages  of  clock  stars  and 
with  lunar  culminations  in  connection  with  the  Lake  surveys 
carried  on  by  the  Engineer  Corps  of  the  Army.  He  observed 
Donati's  Comet  in  1858.  He  "thoroughly  revised"  the  Second 
Series  of  the  Harvard  Zones,  and  with  Mr.  T.  H.  Safford  pre- 
pared the  Third  Series  for  the  press.  The  results  of  these  labors 
are  contained  in  the  Annals  of  Harvard  College  Observatory, 
vol.  2,  part  2,  and  in  vols.  3,  4,  and  6. 

Excepting  the  appendices  to  the  Washington  Observations, 
comparatively  few  separates  of  Professor  HalFs  papers  have  been 
found.  It  was  his  custom  to  distribute  the  copies  allotted  to 
liim  among  individuals  interested  in  their  contents,  rather  than 
to  libraries  likely  to  contain  sets  of  the  journals.  Only  a  few  of 
the  more  important  reviews  have  been  noted. 

The  name  of  the  TJ.  S.  Naval  Observatory  has  been  elided 
from  many  of  the  titles ;  so  it  must  be  understood  that  all  obser- 
vations have  been  made  at  that  institution  unless  it  is  otherwise 
stated.  In  entering  the  many  papers  containing  equatorial  ob- 
servations, an  attempt  has  been  made  to  add  to  each  title  a  list 
of  the  objects  observed  by  Professor  HalL 
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Except  in  the  mathematical  formulae  or  where  the  number  of 
an  asteroid  is  indicated,  parentheses  denote  the  parts  of  titles 
transposed,  while  brackets  inclose  matter  inserted  by  the  com- 
piler. The  abbreviations  used  for  the  periodicals  are  those  of 
the  Catalogue  of  Scientific  Papers,  compiled  and  published  by 
the  Eoyal  Society  of  London.  In  the  case  of  a  few  journals 
which  have  been  started  since  the  last  volume  of  the  above  was 
published,  the  abbreviations  have  been  taken  from  the  Inter- 
national Catalogue  of  Scientific  Literature. 

1858. 

1.  Elements  and  ephemeris  of  the  first  comet  of  1858.  Astron.  Joum., 
5,  1856-58,  p.  120. 

2.  Elliptic  elements  of  Comet  1858,  I.  Astron.  Joum.,  5,  1856-58,  p. 
138. 

3.  [Elements  of  Comet  III,  1858.]     Astr.  Nachr.,  48,  1858,  col.  331. 

4.  [Errata  in  Gauss's  Theoria  motu9,'\    Math.  Month.,  1,  1858-59,  pp. 

115,  190. 

1859. 

5.  [Elements  of  Comet  1859, 1.]     Astron.  Joum.,  6,  1859-61,  p.  24. 

6.  Rising,  setting,  southing  places,  and  eclipses  of  the  sun  and  moon ; 
the  phases  and  age  of  the  moon  ;  the  rising,  setting,  and  southing  of  the 
most  conspicuous  planets  and  fixed  stars  ;  equation  of  time  ;  the  sun's  de- 
clination ;  planets'  places  in  right  ascension  and  declination  ;  the  time  of 
high  water  at  Philadelphia,  etc.  Friends'  Almanac  for  the  years  1859-64 ; 
published  by  T.  EUwood  Chapman,  Philadelphia. 

7.  A  number  n  of  equal  circles  touch  each  other  externally  and  include 
an  area  of  a  square  feet ;  to  find  the  radii  of  the  circles.  (Prize  solution 
of  Problem  III.)    Math.  Month.,  2,  1859-60,  pp.  76-77. 

1860. 

8.  [Observations  of  occulations  of  the  Pleiades,  made  at  Cambridge, 
1860,  March  26.]    Brunnow,  Astr.  Notices,  No.  19,  1860,  p.  147. 

9.  Orbit  of  Comet  III,  1860.  Brunnow,  Astr.  Notices,  No.  24,  1861,  p. 
189. 

10.  Show  that  in  the  parabola  the  half  sum  of  the  radii  vectores,  drawn 
to  the  extremities  of  any  arc  whatever,  is  equal  to  the  radius  vector  drawn 
to  the  summit  of  the  diameter  passing  through  the  center  of  the  chord 
and  parallel  to  the  axis,  plus  the  part  of  this  diameter  intercepted  be- 
tween the  arc  and  the  chord.     (R-ize  Problem  V.)    Math.  Month.,  3, 

1860-61,  p.  33. 

1861. 

11.  Elements  of  Comet  II,  1861  [with  ephemeris].  Amer.  Joum.  Sci., 
32,  1861,  pp.  259,  260. 

12.  Elements  of  Titania  [to  which  is  added  a  list  of  typographical  errors 

in  Davis's  translation  of  the  Theoria  moiwi],    Astron.  Joum.,  6,  1859-61, 

p.  191. 
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13.  Elements  of  Minor  Planet  (66).  Astron.  Soc.  Month.  Not,  21, 
1860-61,  p.  240 ;  Astr.  Nachr.,  55,  1861,  col.  299  ;  57, 1862,  col.  130 ;  Brun- 
now,  Astr.  Notices,  No.  25,  1861,  p.  4. 

14.  Orbit  of  Comet  1, 1861.    Brunnow,  Astr.  Notices,  No.  26, 1861,  p.  12. 

15.  To  change  a  series  into  a  continued  fraction.  Math.  Month.,  3, 
1860-61,  pp.  262-268. 

1862. 

16.  Observations  upon  Planet  (73).  [Made  at  Cambridge  by  G.  P. 
Bond,  T.  H.  SaflTord,  and  A.  Hall.]    Astr.  Nachr.,  57,  1862,  col.  310. 

17.  Observations  of  comets  and  small  planets  made  at  the  Observatory 
of  Harvard  College.  [By  G.  P.  Bond,  T.  H.  Safford,  and  A.  Hall.  Mr. 
Hall  observed  comets  I  and  II,  1861,  asteroids  (30),  (66).]  Astr.  Nachr., 
57,  1862,  col.  353-368. 

18.  [Elements  of  the  planet  Clytia  (73).  Elements  of  (>>met  III,  1861.] 
Astr.  Nachr.,  58,  1862,  col.  29-30. 

19.  Elements  and  ephemeris  of  M^ja  (66).  Astr.  Nachr.,  58,  1862, 
col.  87. 

20.  Elements  of  Comet  I,  1862.     Astr.  Nachr.,  58,  1862,  col.  89. 

21.  Ephemeris  of  Comet  I,  1862.    Astr.  Nachr.,  58,  1862,  col.  90. 

22.  [Elements  and  ephemeris  of  Comet  II,  1862.]  Astr.  Nachr.,  58, 
1862,  col.  203-204. 

23.  Observations  of  asteroids  and  of  the  Comet  II,  1862  ...  By 
J.  Ferguson  and  A.  Hall.  [Mr.  Hall  obeerveil  Comet  II,  1862,  asteroids 
(32),  (74).]    Astr.  Nachr.,  59,  1862-63,  col.  115-122. 

24.  Table  of  zenith  distances  to  80^,  for  the  latitude  of  the  U.  S.  Naval 
Observatory.  [By  James  Ferguson  and  Asaph  Hall.]  Washington 
Obs'ns,  1861,  pp.  349-358. 

25.  Tables  of  differential  refraction,  for  the  latitude  of  the  U.  S.  Naval 
Observatory,  from  -f-  30°  to  —  30®  of  declination,  and  to  80**  of  zenith  dis- 
tance, df — d  being  constant  and  equal  to  600^^.  [^y  James  Ferguson  and 
Asaph  Hall.]     Washington  Obs'ns,  1861,  pp.  359-374. 

26.  Tables  of  parallax  for  the  latitude  of  the  U.  S.  Naval  Observatory, 
and  a  horizontal  parallax  of  10  seconds.  [By  James  Ferguson  and  Asaph 
Hall.]    Washington  Obs'ns,  1861,  pp.  434-438. 

1863. 

27.  Observations  of  comets  and  small  planets,  made  at  the  Observatory 
of  Harvard  College,  Cambridge.  [By  G.  P.  Bond,  T.  H.  Safford,  and 
A.  Hall.  Mr.  Hall  observed  Comet  III,  1862,  Asteroid  (73).]  Astr. 
Nachr.,  60,  1863,  coL  33-42. 

28.  Observations  of  Comet  II,  1863  ...  By  James  Ferguson  and 
Asaph  HaU.    Astr.  Nachr.,  60,  1863,  col.  123-126. 

29.  Ephemeris  of  Maia  (66).    Astr.  Nachr.,  60,  1863,  col.  175-176. 

30.  Observations  of  asteroids  .  .  .  By  James  Ferguson  and  A.  Hall. 
[Mr.  Hall  observed  asteroids  (48),  (51),  (64),  (79).]  Astr.  Nachr.,  61, 
1863-64,  col.  209-212. 
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31.  Observations  with  the  equatorial,  1862.  Right  ascensions  and  decli- 
nations of  asteroids  and  comets,  observed  with  the  equatorial,  1862.  [By 
James  Ferguson  and  Asaph  Hall.  Commencing  August  7,  1862,  Mr.  Hall 
observed  Mars,  Comet  1862,  II,  asteroids  (32),  (74),  miscellaneous  <louble 
stars.]    Washington  Obs'ns,  1862,  pp.  405-509,  510,  581-585. 

1864. 

32.  Observations  of  minor  planets  [and  of  comets]  ...  By  James 
Ferguson  and  Asaph  Hall.  [Professor  Hall  observed  comets  IV  and  VI, 
1863,  asteroids  (17),  (25),  (34),  (52),  79).]  Astr.  Nachr.,  62.  1864,  col. 
311-318. 

33.  Observations  of  asteroids  and  of  Comet  II,  1864.  By  James  Fergu- 
son and  Asaph  Hall.  [Professor  Hall  observed  Comet  II,  1864,  asteroids 
(2),  (3),  (9),  (12),  (16),  (36),  (42).]     Astr.  Nachr.,  63, 1864-65,  col.  205-208. 

1865. 

34.  Elements  of  Comet  IV,  1864.    Astr.  Nachr.,  64,  1865,  col.  121-124. 

35.  Observations  of  asteroids  and  comets  .  .  .  [By  James  Fergu- 
son and  Asaph  Hall.  Professor  Hall  observed  Comet  IV,  1864,  asteroids 
(1),  (19  ,  (27),  (29).  (37),  (38),  (40),  (48),  (60),  (64),  (81).]  Astr.  Nachr., 
64,  1865,  col.  177-182. 

36.  Observations  of  asteroids  and  comets  .  .  .  [By  James  Fergu- 
son and  Asaph  Hall.  Professor  Hall  observed  Faye's  Comet,  asteroids 
(5),  (6),  (8),  (13),  (14),  (24),  (30),  (31),  (32),  (34),  (46),  (49),  (56),  (61),  (63), 
(67),  (72),  (78),  (79).]    Astr.  Nachr.,  66,  1865-66,  col.  33-42. 

37.  Elements  and  ephemeris  of  Terpsichore  (81).  Astr.  Nachr.,  66, 
1865-66,  col.  55-58. 

38.  On  the  orbit  of  Comet  III,  1858.  Astr.  Nachr.,  66,  1865-66,  col. 
137-140. 

39.  *^  From  the  middle  point  of  each  side  of  a  quadrilateral  in  a  circle 
a  perpendicular  is  drawn  to  the  opposite  side,  and  from  the  middle  point 
of  each  diagonal  to  the  other  diagonal.  Prove  that  the  six  perpendicu- 
lars pass  through  one  point.''  (Mathematical  Question  2027,  solved.) 
Lady's  and  Gentleman's  Diary,  London,  162,  1865,  p.  61. 

40.  Solar  parallax,  deduced  from  observations  of  Mars  with  equatorial 
instruments.    Washington  Obs'ns,  1863,  Appendix  A,  pp.  LX-LXIV. 

41.  New  elements  of  Nemausa.  Washington  Obs'ns,  1863,  Appendix  B, 
pp.  LXXXIII-XC. 

42.  Observations  with  the  equatorial,  1863.  Right  ascensions  and  dec- 
linations of  stars,  asteroids  and  comets  observed  with  the  equatorial,  1863. 
[By  James  Ferguson  and  Asaph  Hall.  Professor  Hall  observed  :  comets 
1863, 1,  1863,  II,  1863,  IV  ;  asteroids  (14),  (18),  (39),  (48),  (49),  (51),  (55), 
(64),  (79) ;  Pleiades ;  double  stars ;  occultations  of  stars  by  the  moon.] 
Washington  Obs'ns,  1863,  pp.  217-284,  363-367. 

1866. 

43.  Measures  of  the  companion  of  Sirius  ...  in  1866.  [By  S.  New- 
comb,  A.  Hall,  J.  R.  Eastman,  and  H.  P.  Tuttle.]     Astr.  Nachr.,  66, 

1865-66,  col.  381-382. 
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44.  [On  the  determination  of  the  solar  parallax  from  equatorial  obser- 
vations of  Mars.]    Astr.  Nachr.,  68,  1866-67,  col.  235-236. 

45.  At  a  given  latitude  (0)  two  stars  whose  right  ascensions  and  declina- 
tions are  a,  a^,  5,  d\  have  the  same  altitude  above  the  horizon.  It  is 
required  to  find  the  hour  angle,  and  the  conditions  under  which  the'phe- 
nomenon  is  possible.  (Mathematical  Question  2052.)  Lady's  and  Gen- 
tleman's Diary,  London,  1(«,  1866,  p.  71 ;  164,  1867,  p.  52. 

46.  Observations  with  the  mural  circle,  1864.  [Observers:  S.  New- 
comb,  A.  Hall,  W.  Harkness,  and  M.  H.  Doolittle.]  Washington  Obs'ns, 
1864,  pp.  105-191. 

47.  Observations  with  the  equatorial,  1864.  Right  ascensions  and  decli- 
nations of  stars,  asteroids,  and  comets,  observed  with  the  equatorial,  1864. 
[By  James  Ferguson  and  Asaph  Hall.  Professor  Hall  observed :  Ck)met 
1863,  VI ;  asteroids  (1),  (2).  (3),  (9),  (12),  (13),  (16),  (17),  (19),  (25),  (27), 
(29),  (34),  (36),  (37),  (40).  (42),  (52),  (60).  (79),  (81) ;  cluster  in  Prsesepe.] 
Washington  Obs'ns,  1864,  pp.  203-304,  377-389. 

1867. 

48.  Observations  of  certain  small  planets,  and  of  the  stars  which  have 
been  compared  with  Thisbe,  made  with  the  transit  circle  .  .  .  dur- 
ing 1866  and  1867.  [Observers :  S.  Newcomb,  A.  Hall,  J.  A.  Rogers,  and 
C.  Thirion.  Professor  Hall  observed  asteroids  (13),  (22),  (24),  (28),  (34), 
(50),  (56),  (71),  (84),  (a5),  (88),  (89).]    Astr.  Nachr.,  69, 1867,  col.  151-156. 

49.  Remarks  on  hyperbolic  movement.  Messenger  of  Math.,  4,  1868, 
pp.  106-107. 

50.  Gauss's  proof  that  the  middle  points  of  the  three  diagonals  of  a  com- 
plete quadrilateral  lie  in  a  right  line.    Messenger  of  Math.,  4, 1868,  p.  137. 

51.  Observations  with  the  mural  circle,  1865.  [Observers :  S.  Newcomb, 
A.  Hall,  W.  Harkness,  J.  A.  Rogers,  and  M.  H.  Doolittle.]  Washington 
Obs'ns,  1865,  pp.  149-239. 

52.  Observations  with  the  prime  vertical  transit  instrument,  1865. 
[Observers :  S.  Newcomb,  A.  Hall,  and  W.  Harkness.]  Washington 
Obs'ns.  1865,  pp.  241-249. 

53.  Observations  with  the  equatorial,  1865.  Right  ascensions  and  de- 
clinations of  stars,  asteroids,  and  comets  observed  with  the  equatorial, 
18(J5.  [By  James  Ferguson  and  Asaph  Hall.  Professor  Hall  observed 
Comet  1864  IV,  Faye's  Comet ;  asteroids  (5),  (6),  (8),  (13),  (14),  (16),  (24), 
(30),  (31),  (32),  (34).(38),(46),  (48),  (49), (56), (57),  (61),(63),  (64),  (67),(72), 
(78),  (79),  (85) ;  Pleiades;  cluster  in  Preesepe ;  occultations ;  and  eclipse  of 
the  sun,  October  18,  1865.]     Washington  Obs'ns,  1865,  pp.  251-347,  429- 

435. 

1868. 

54.  Observations  of  asteroids  .  .  .  during  the  year  1867  [on  the 
transit  circle.  Observers :  S.  Newcomb,  A.  Hall,  C.  Thirion,  and  C.  Abbe. 
Professor  Hall  obser\'ed  asteroids  (21),  (24),  (25),  (29),  (32),  (37),  (41),  (42), 
(43),  (45),  (47),  (51),  (52),  (59).  (60),  ((54),  (65),  (68),  (71),  (79),  (80),  (82), 
(84),  (85),  (88),  (92).]     Astr.  Nachr.,  71,  1868,  col.  161-170. 
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55.  On  the  poeitions  of  the  fundamental  stare.  Aptr.  Xachr.,  71,  1868, 
C6l.  191-192. 

56.  Equatorial  obflervations  .  .  .  [Broreen's  Comet,  (95)  Arethusa 
and  (98)  lanthe.]     Astr.  Nachr.,  72,  18^)8,  col.  45-4(J. 

57.  It  is  required  to  find  the  mean  or  average  distance  from  the  vertex 
of  a  right  cone  (1)  to  all  the  points  in  the  base  of  the  cone,  (2)  to  all  the 
points  in  the  solid  content  of  the  cone.  (Mathematical  Question  2085. ) 
Lady's  and  Gentleman's  Diary,  London,  165,  1868,  p.  95 ;  166,  1869,  p.  79. 

58.  Ob8er\'ations  with  the  transit  circle,  186fJ.  [Observere :  S.  New- 
comb,  A.  Hall,  J.  A.  Rogera,  and  C.  Thirion.]  Washington  Obs'ns,  1866, 
pp.  1-194. 

69.  Observations  with  the  prime  vertical  transit  instrument,  1866. 
[Observere:  S.  Newcomb  and  A.  Hall.]  Washington  Obs'ns,  1866,  pp. 
26^277. 

60.  Observations  with  the  equatorial,  1866.  Right  ascensions  and  dec- 
linations of  stare,  asteroids,  and  comets,  observed  with  the  equatorial, 
1866.  [By  James  Ferguson,  Asaph  Hall,  J.  R.  Elastman,  and  some  of  the 
occultations  by  H.  P.  Tuttle.  Professor  Hall  ol)served  Terpsichore  (81), 
the  cluster  in  Pnesepe,  and  the  companion  of  Sirius.]  Washington 
Oba'ns,  1866,  pp.  279-338,  409-413. 

1869. 

61.  Equatorial  observations  .  .  .  [Brorsen's  Comet,  Encke's  Comet, 
and  asteroids  (26),  (38),  (43),  (45),  (54),  (59),  ((50),  (64),  (76),  (80),  (92), 
(95),  (101),  (102),  (106).]    Astr.  Nachr.,  74,  1869,  col.  71-78. 

62.  ^^ProvethatA^J1^2n-2  +  iL:=1.2n-4-  (^^— ^n^-^). 

n         n  1  L.6 

2» -  6  +  fn  — o)(n--6)  (n  — 7)  .  gn - 8,  &c.,  continued  to 2^  or  2«,  accord- 

ing  as  n  is  odd  or  even."     (Mathematical  Question  2089,  answered.) 
Lady's  and  Crentleman's  Diary,  London,  166,  1869,  p.  84. 

63.  Transformations  of  coordinates  in  Hansen' s  method  of  perturbations. 
Messenger  of  Math.,  5,  1871,  pp.  15-23. 

64.  Report  on  observations  of  the  total  eclipse  of  the  sun,  August  7, 1869. 
[At  station  near  Plover  Bay,  Siberia.]  Washington  Oba'ns,  1867,  Appen- 
dix II,  pp.  197-218. 

1870. 

65.  On  the  secular  perturbations  of  the  planets.  Amer.  Joum.  Sci.,  50, 
1870,  pp.  370-372. 

66.  Equatorial  observations  .  .  .  [ofFelicitaH(109)].  Astr.  Nachr., 
75,  1869-70,  col.  321-324. 

67.  Supplementary  notes  on  the  observations  for  magnetism  and  posi- 
tion, made  by  the  U.  S.  Naval  Obeer\'atory  Expedition  to  Sil^eria  to  ob- 
serve the  solar  eclipse  of  August  7,  1869.  Astr.  Nachr.,  75,  1869-70,  col. 
323-328 ;  Washington  Obs'ns,  1867,  Appendix  II,  pp.  215-218. 

68.  New  elements  of  Terpsichore  (81).     Astr.  Nachr.,  76, 1870,  col.  123- 

124. 
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(>9.  Equatorial  observations  ...  [of  the  asteroids  (51),  (01),  (70), 
(71),  (110),  (111)].     Astr.  Nachr.,  77,  1870-71,  col.  15-16. 

70.  **If  from  any  point  P  in  the  hypothenuse  AB  of  a  right-angled 
splierical  triangle  ABC,  perpendiculars  PE,  PD  are  drawn  to  CB,  CA, 
and  if  the  segments  CE,  CD  be  denoted  by  a,  ft  respectively,  prove  that 

-7— h  ■        .   =  1,  where  a,  6  are  the  sides."     (Mathematical  Question 

2095,  answered.)  Lady's  and  Gentleman's  Diary,  I^ondon,  167.  1870, 
p.  75. 

71.  In  Hansen's  Theory  of  perturbations  he  makes  use  of  what  he  calls 
the  "  arithmetico-geometrico  mean."    Thus,  if  A  and  B  are  two  values, 

we  have  J  (A  +  B)  =  arith.  mean  =  Aj ;  y  AB  =  geom.  mean  =  Bj. 
Show  that,  by  repeating  this  process  on  A,  and  Bj,  and  so  on,  the  results 
A„  and  B^  approach  each  other  without  limit.  (Mathematical  Question 
2098,  with  answer.)  Lady's  and  Gentleman's  Diary,  London,  167,  1870, 
p.  77. 

72.  Coordinates  of  a  celestial  body.  Messenger  of  Math.,  5,  1871,  pp. 
250-251. 

73.  Observations  with  the  transit  circle,  1867.  [Observers :  S.  New- 
comb,  A.  Hall,  J.  A.  Rogers,  C.  Thirion,  and  C.  Abbe.]  Washington 
Obs'ns,  1867,  pp.  1-212. 

74.  Observations  with  the  prime  vertical  transit  instrument,  1867. 
[Observers  :  S.  Newcomb,  A.  Hall,  and  C.  Abbe.]  Washington  Obs'ns, 
18(i7,  pp.  303-305. 

75.  Catalogue  of  151  stars  in  Pnesepe.  [Washington  Observations,  1867] 
(Appendix  IV).  [Washington,  1870.]  38  pp.,  29J  cm.  Reviewed  in 
Messenger  of  Math.,  5,  1871,  p.  151. 

1871. 

76.  Transit  of  Venus  in  1874.     Amer.  Joum.  Sci.,  1,  1871,  pp.  307-308. 

77.  On  the  application  of  photography  to  the  determination  of  astro- 
nomical data.  Amer.  Journ.  Sci.,  2,  1871,  pp  25-30,  154.  Abstract  in 
Washington,  Phil.  Soc.  Bull.,  1, 1871-74,  pp.  28-29 ;  Smithson.  Misc.  Coll., 
20,  1881,  Art.  1,  pp.  28-29. 

78.  On  the  astronomical  proof  of  a  resisting  medium  in  space.  Amer. 
Journ.  Sci ,  2,  1871,  pp.  404-408.  Abstract  in  Astron.  Soc.  Month.  Not., 
33,  1872-73,  pp.  239-242. 

79.  Observations  and  elements  of  Comet  I,  1871.  Astr.  Nachr.,  77, 
1870-71,  col.  319-320. 

80.  Ephemerifl  of  Terpsichore,  1869.  The  Washington  stars  of  com- 
parison for  1868.  Observations  of  Egeria,  1864.  Photographic  observa- 
tions of  the  Venus  transit  in  1874.     Astr.  Nachr.,  78,  1871-72,  col.  167-168. 

81.  "Each  of  three  circles  (radii  Pi  p,  Pj)  touches  two  sides  of  the 

triangle  (o  b  c)  and  the  nine-point  circle ;  prove  that  —  +  -  -  -f   — 

^l  ^1  ^'s 

a«  4- 1«  4-  c* 
=  7 — '       .     ,, ."     (Mathematical  Question  2113,  answered.)    Ladv's  and 
(a  -f  6  -f  c)' 

Gentleman's  Diary,  London,  168,  1871,  pp.  77-78. 
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82.  "The  four  8i<ies  of  a  quadrilateral  are  given;  determine  its  form 
when  the  rectangle  under  the  two  diagonals  is  a  maximum.*'  (Mathe- 
matical Question  2117,  answered.)  Lady's  and  Gentleman's  Diary,  Lon- 
don, 168,  1871,  p.  82. 

83.  Required,  the  integral  of     .  ,     "^   ^ — •     (Problem  89,  with  solu- 

sm  X  cos  X 

tion.)    Schoolday  Visitor,  15,  1871,  pp.  164,  251. 

84.  [Introduction  to  the  observations  made  with  the  9.6-inch  equatorial, 
1868,  1869,  1870,  1871,  1873.]  Washington  Obs'ns,  1868,  p.  XL;  1869, 
p.  XLIV  ;  1870,  p.  LXXXI ;  1871,  p.  C ;  1873,  p.  CI. 

85.  Observations  with  the  transit  circle,  1868.  [Observers:  S.  New- 
comb,  A.  Hall,  W.  Harkness,  J.  R.  Eastman,  C.  Thirion,  C.  Abl)e,  and 
E.  Frisby.]    Washington  Obs'ns,  1868,  pp.  1-154. 

86.  Observations  with  the  equatorial,  1868.  [Brorsen's  and  Encke's 
comets,  asteroids  (26),  (38),  (43),  (45),  (54),  (59),  (60),  (64),  (76),  (80), 
(92),  (95),  (98),  (101),  (102),  (106),  occultations  of  stars  by  the  moon.] 
Washington  Obs'ns,  1868,  pp.  319-327. 

87.  Report  on  observations  of  the  total  solar  eclipse  of  December  22, 
1870.  [Station  at  Syracuse,  Sicily.]  Washington  Obs'ns,  1869,  Appendix 
I,  pp.  25-42.  Quoted  as  to  meteorological  changes  during  totality  and 
the  appearance  of  the  corona,  in  Astron.  Soc.  Mem.,  41,  1879,  pp.  213, 
615,  643-644. 

88.  On  the  elements  of 'the  Comet  I,  1871.  Abstract.  Washington, 
Phil.  Soc.  Bull.,  1,  1871-74,  p.  23 ;  Smithson.  Misc,  Coll.,  20,  1881,  Art.  1, 
p.  23. 

89.  On  a  curve  of  the  fourth  degree.  [  *  *  Through  the  focus  of  an  ellipse 
a  right  line  is  drawn,  cutting  the  ellipse  in  the  points  D  and  E,  and  at  the 
middle  point  of  DE  an  indefinite  right  line  is  drawn  perpendicular  to  DE. 
It  is  required  to  find  the  form  and  area  of  the  curve  that  this  perpendic- 
ular always  touches."]  Abstract.  Washington,  Phil.  Soc.  Bull.,  1, 1871- 
74,  pp.  30-31 ;  Smithson.  Misc.  Coll.,  20,  1881,  Art.  1,  pp.  30-31.  See 
No.  112 

1872. 

90.  Equatorial  observations  .  .  .  1871.  [Cbmets  I,  II,  III,  and  IV, 
1871 ;  asteroids  (10),  (12),  (19),  (23),  (26),  (29),  (31),  (35),  (41),  (47),  (48), 
(52),  (54),  (55),  (59),  (62),  (64),  (68),  (71),  (80),  (81),  (88),  (92),  (93),  (95), 
(109),  (113),  (114),  (116).]    Astr.  Nachr.,  79,  1872,  col.  97-112. 

91.  Observations  of  the  companion  of  Sirius  .  .  .  Astr.  Nachr.,  79, 
1872,  col.  247-248. 

92.  Observations  of  Planet  (121)  .  .  .  Astr.  Nachr.,  79,  1872,  coL 
367-368. 

93.  [Letter  in  regard  to  Professor  Cay  ley's  memoir,  (hi  the  determination 
of  the  orbit  of  a  planet  from  three  observations,"}  Astr.  Nachr.,  80,  1872-73, 
col.  ia-14. 

94.  Elements  of  Comet  a,  1871,  Winnecke.  Astr.  Nachr.,  80,  1872-73, 
col.  29-:^2. 
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95.  On  an  experimental  determination  of  ir.  Messenger  of  Math.,  2, 
1873,  pp.  113-114.    See  No.  ia5. 

96.  Historical  note  on  the  method  of  least  squares.  Nature,  6, 1872,  pp. 
101-102,  241-242.  Title  only  in  Washington,  Phil.  Soc.  Bull.,  1,  1871-74, 
p.  62  ;  Smithson.  Misc.  Coll.,  20,  1881,  Art.  1,  p.  62. 

97.  Hindrances  to  students  of  mathematics.    Nature,  6,  1872,  p.  351. 

98.  [November  meteors  observed  at  Washington.]  Nature,  7,  1872-73, 
pp.  122-123. 

99.  Logarithmic  tables  [Remarks  on].    Nature,  7,  1872-73,  p.  222. 

100.  Observations  with  the  transit  circle,  1869.  [Observers :  S.  New- 
comb,  A.  .Hall,  W.  Harkness,  C.  Thirion,  and  E.  Frisby.]  Washington 
Obs'ns,  1869,  pp.  1-59. 

101.  Observations  with  the  equatorial,  1869.  [Asteroid  (109)  and  occul- 
tations  of  stars  by  the  moon.  Professor  Newcomb  observed  one  of  the 
occultations]    Washington  Obs'ns,  1869,  pp.  233-236. 

102.  Zones  of  stars  obsen'ed  .  .  .  with  the  mural  circle  in  the 
years  1846,  1847,  1848,  and  1849.  By  J.  H.  C.  CJoffin,  T.  J.  Page,  Charles 
Steedman.  [Edited  and  introduction  written  by  Asaph  Hall.]  (Wash- 
ington Observations  for  1869,  Appendix  II.)  Washington,  1872.  25  -f 
331  pp.    30  cm. 

103.  Reports  on  observations  of  Encke's  Comet  during  its  return  in 
1871.  By  Asaph  Hall  and  William  Harkness.  (Washington  Observa- 
tions for  1870,  Appendix  II.)    Washington,  1872.    1  pi ,  49  pp.    30  cm. 

104.  Zones  of  stars  observed  .  .  .  with  the  meridian  transit  instru- 
ment in  the  years  1846,  1847,  1848,  and  1849.  By  Reuel  Keith,  Mark  H. 
Beecher,  Joseph  S.  Hubbard,  John  J.  Almy,  and  William  A.  Parker. 
[Edited  and  introduction  written  by  Asaph  Hall.]  (Washington  Obser- 
vations for  1870,  Appendix  IV. )    Washington,  1872.    13  +  271  pp.    30  cm. 

105.  On  the  experimental  determination  of  the  ratio  of  the  circumfer- 
ence to  the  diameter,  based  on  the  principles  of  the  calculus  of  probabil- 
ities. [Title  only  of  paper  read.]  Washington,  Phil.  Soc.  Bull.,  1, 
1871-74,  p.  62;  Smithson.  Misc.  Coll.,  20,  1881,  Art.  1,  p.  62.     See  No.  95. 

1878. 

106.  On  the  determination  of  longitudes  by  moon  culminations.  Astron. 
Soc.  Month.  Not.,  33,  1872-73,  pp.  465-466. 

107.  Elements  of  (124)  Alceste,  and  observations  of  (129).  Astr. 
Nachr.,  81,  1873,  col.  109-110. 

108.  Equatorial  observations  .  .  .  [April-Deceml)er,  1871.  Aste- 
roids (46),  (64),  (80),  (98),  (118),  (119),  (121),  (122),  (124),  (128).]  Astr. 
Nachr.,  81,  1873,  col.  171-176. 

109.  Positions  of  the  principal  stars  derived  from  observations  made  at 
U.  S.  Naval  Observatory  by  Prof.  M.  Yarnall  in  the  years  ia53  to  1860. 
Astr.  Nachr.,  82,  1873,  col.  43-48. 

110.  Observations  of  Comet  «,  1873,  Henry  .  .  .  [with  elements  of 
its  orbit].     Astr.  Nachr.,  82, 1873,  col.  243-244. 
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HI.  New  elements  of  (124)  Alceste,  with  oppoeition  ephemeris,  1873. 
Astr.  Nachr..  82,  1873,  col.  261-266. 

112.  "  EG  is  a  focal  chord  in  an  ellipse  and  MP  a  perpendiailar  to  it  at 
its  middle  point  M.  Show  that  the  curve  which  the  line  MP  always 
touches  is  a  three-cusped  curvilinear  triangle,  to  which  the  axes  of  the 
ellipse  are  tangents,  and  that  its  area  is  to  that  of  the  ellipse  as  «•  :  1— «*, 
where  e  is  the  eccentricity.*'  (Mathematical  Question  3731,  solved.) 
Eflucational  Times,  25,  1872-73,  p.  272;  Math.  Quest,  from  Educational 
Times,  19,  1873,  pp.  28-29.     See  also  No.  89. 

113.  On  the  motion  of  a  particle  toward  an  attracting  center  at  which 
the  force  is  infinite.     Messenger  of  Math.,  3,  1874,  pp.  144-149. 

114.  Observations  with  the  transit  circle,  1870.  [Observers :  A.  Hall, 
W.  Harkness,  J.  R.  Eastman,  E.  Frisby,  and  O.  Stone.]  Washington 
Obs'ns,  1870,  pp.  1-87. 

115.  Observations  with  the  equatorial,  1870.  [Asteroids  (51),  (61), 
(70),  (71),  (109),  (110),  (111);  occultations  of  stars  by  the  moon,  two  of 
which  were  observed  by  Professor  Newcomb.]  Washington  Obs*ns,  1870, 
pp.  255-259. 

116.  Observations  with  the  transit  circle,  1871.  [Observers:  A.  Hall, 
W.  Harkness,  J.  R.  Eastman.  E.  Frisby,  and  0.  Stone.]  Washington 
Obs*ns,  1871,  pp.  1-45. 

117.  Observations  with  the  equatorial,  1871.  [Comets  I  and  II,  1871, 
and  those  of  Encke  and  Tuttle ;  asteroids  (10),  (12),  (19),  (23),  (26),  (29), 
(31),  (;^),  (41),  (47),  (48),  (52),  (54),  (55),  (59),  (62),  (64),  (68),  (71), 
(80),  (81),  (88),  (92),  (93),  (95),  (109),  (113),  (114),  (116);  occultations 
of  stars  by  the  moon.  Some  of  the  occultations  were  observed  by  S.  New- 
comb,  A.  N.  Skinner,  and  II.  P.  Tuttle.]  Washington  Obs*ns,  1871,  pp. 
103-116. 

118.  Zones  of  stars  observed  .  .  .  with  the  meridian  circle  in  the 
years  1847,  1848,  and  1849.  By  James  Major,  Lafayette  Maynard,  Wil- 
liam B.  Muse.  [Edited  and  introduction  written  by  Asaph  Hall.]  (Wash- 
ington Observations  for  1871,  Appendix  I.)  Washington,  1873.  9  +  162 
pp.    30  cm. 

1874. 

119.  Comets  and  meteors.    Analyst,  Des  Moines,  1,  1874,  pp.  17-24. 

120.  The  chief  justice  of  a  court  makes  a  lai^e  number  of  decisions. 
Afterward  it  is  found  that  50  per  cent,  of  these  decisions  are  erroneous. 
Required,  to  determine  the  legal  knowledge  of  the  judge.  (Problem  10, 
with  solution.)  [Moral  for  weather  prophets,  fortune-tellers,  etc.]  An- 
alyst, Des  Moines,  1,  1874,  pp.  35,  71. 

121.  Besselian  function.     Analyst,  Des  Moines,  1,  1874,  pp.  81-84. 

122.  **  If  o,  6,  c,  rf,  €,  /,  ^,  hy  i,  j,  k  be  chords  drawn  from  any  point  on 
the  circumference  of  a  circle  to  the  eleven  angles  of  an  inscribed  regular 
polygon  of  eleven  sides,  prove  that  (a  -\-  k)  (6  -j- j)  (c  +  i)  {d  +  h)  {e  +  g) 

=/* (1)."     (Problem    29,    solved.)    Analyst,    Des 

Moines,  1,  1874,  pp.  159-160. 
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123.  Assuming  the  earth's  orbit  to  be  a  circle,  if  a  comet  move  in  a 
parabola  around  the  sun  and  in  the  plane  of  the  earth's  orbit,  show  that 
the  comet  cannot  remain  within  the  earth's  orbit  longer  than  78  days. 
(Problem  50  )    Analyst,  Des  Moines,  1,  1874,  p.  212 ;  2,  1876,  p.  30. 

124.  Equatorial  observations  ...  in  1873.  [Comets  a,  &,  e,  d  «, 
andflr,  1873;  asteroids  (9),  (11 »,  (21),  (31),  (33),  (40),  (43),  (46),  (49), 
(53),  (58),  (59),  (60),  (63),  (67),  (69),  (71),  (78),  (81),  (83),  (92),  (109), 
(112),  (124),  (129),  (130),  (131).]     Astr.  Nachr.,  84,  1874,  col.  17-28. 

125.  On  the  orbit  of  Alceste  (124).     Astr.  Nachr.,  84,  1874,  col.  89-94. 

126.  [Correction  to  an  observation  of  Alceste  (124),  December  10,  1874  ; 
position  of  comparison  star  for  Electra  (130).]  Astr.  Nachr.,  84,  1874, 
col.  163-164. 

127.  Observations  with  the  transit  circle,  1872.  [Observers :  A.  Hall, 
W.  Harkness,  J.  R.  Eastman,'  E.  Frisby,  and  O.  Stone.]  Washington 
Obs'ns,  1872,  pp.  1-159. 

128.  Observations  with  the  equatorial,  1872.  [Asteroids  (46),  (64), 
(80),  (98),  (118),  (119),  (121),  (122),  (124),  (128);  occultations ;  com- 
panion of  Sirius,  which  was  also  observed  by  S.  Newcomb  and  A.  N. 
Skinner.]    Washington  Obs'ns,  1872,  pp.  205-211. 

129.  Remarks  on  the  method  adopted  in  writing  international  tele- 
grams. [Recommended  the  use  of  Littrow's  system.]  Washington,  Phil. 
Soc.  Bull.,  1,  1871-74,  p.  101;  Smithson.  Misc.  Coll.,  20,  1881,  Art  1, 
p.  101. 

1875. 

1.30.  Photographic  observations  of  the  transit  of  Venus.  Analyst,  Des 
Moines,  2,  1875,  pp.  89-90. 

131.  Into  how  many  parts  can  n  planes  divide  space  ?  (Query.)  Analyst, 
Des  Moines,  2,  1875,  p.  96. 

132.  If  the  parabolic  orbits  of  two  comets  intersect  the  circular  orbit  of 
the  earth  in  the  same  two  points,  then  if  t^  and  t,  be  the  times  in  which 

the  comets  move  from  one  point  to  the  other,  (<i  +  t,)i-f('i  —  ^)i  = 
(- — J  ,  a  year  being  the  unit  of  time.     (Problem  82.)     Analyst,  Des 

Moines,  2,  1875,  pp.  128,  158. 

133.  Note  on  the  division  of  space.    Analyst,  Des  Moines,  2, 1875,  p.  140. 

134.  Ephemeris  of  Terpsichore  (81 )  for  the  opposition,  1876.  Astr. 
Nachr.,  86,  1875,  col.  3-6. 

135.  Observations  made  with  the  26-inch  equatorial  .  .  .  1875. 
[Observers :  8.  Newcomb,  A.  Hall,  and  E.  8.  Holden.  Article  signed  by 
A.  Hall,  who  observed  Oberon,  Titania,  Umbriel,  and  the  companion  of 
Sirius.]    Astr.  Nachr.,  86,  1875,  col.  321-328. 

136.  On  the  determination  of  the  mass  of  Mars.  Astr.  Nachr.,  86,  1875, 
col.  327-^34. 

137.  On  the  Washington  observations  of  Flora  in  1873.  Astr.  Nachr. , 
86,  1875,  col.  333-336. 
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138.  01)Pervation8of  the  satellites  of  Saturn.  Astr.  Nachr.,  87,  1875-76, 
col.  177-190. 

139.  Obsen'ations  with  the  9i-inch  equatorial,  1873.  [Observere :  A. 
Hall  and  A.  N.  Skinner.  Professor  Hall  observed  comets  a,  6,  c,  d,  e,  g, 
1873;  occultations ;  companion  of  Sirius;  asteroids  (8),  (9),  (21),  (31), 
(33),  (4()),  (43),  (4(>),  (53),  (58),  (59),  (60),  (63),  (67),  (69),  (71),  (78), 
(81),  (8:^),  (109),  (112),  (124),  (129),  (130),  (131).]  Washington  Obs'ns, 
1873,  pp.  159-173. 

140.  [Report  on  the  operations  of  the  Transit  of  Venus  Party  at  Vladi- 
vostok, 1874. J  Abstract.  Washington,  Phil.  Soc.  Bull.,  2,  1874-78,  pp. 
32-3:S;  Smithson.  Misc.  Coll.,  20,  1881,  Art.  2,  pp.  32-33.  A  more  ex- 
tended account  in  the  New  York  Daily  Tribune,  March  26,  1875. 

1876. 

141.  Companions  of  Procyon.  [By  Asaph  Hall  and  Edward  S.  Holden. 
Professor  Hall  failed  to  see  them.]  Amer.  Acad.  Proc.,  11,  1875-76,  pp. 
185-190;  Astr.  Nachr.,  87,  1875-76,  col.  241-246. 

142.  Approximate  quadrature.  Analyst,  Des  Moines,  3,  1876,  pp.  1-10. 
Abstract  in  Washington,  Phil.  Soc.  Bull.,  2, 1874-78,  pp.  48-49;  Smithson. 
Misc.  Coll.,  20,  1881,  Art.  2,  pp.  48-49. 

143.  Show  that  the  determinant 


is  divisible  by  {a-\-  h)^  — 


abed 

bade 

c  d  a  b 

d  c  b  a 

(c  +  dy  ;  and  by  (a  —  6) »  —  (r  —  d) ».     ( Problem  109. )     Analyst,  Des 
Moines,  3,  1876,  pp.  64,  89. 

144.  Note. — ["That  a  revolving  ellipsoid  of  three  unequal  axes  can  be 
in  equilibrium"  was  not  discovered  by  Mr.  Ivory,  but  by  C.  G.  J.  Jacobi, 
whose  note  is  published  in  PoggendorflTs  AnnaUn,  33,  18JJ4,  p.  229.] 
Analyst,  Des  Moines,  3,  1876,  p.  127. 

145.  In  a  spherical  triangle  are  given  the  sum  of  each  angle  and  the  side 
opposite,  to  solve  the  triangle.  (Problem  121.)  Analyst,  Des  Moines,  3, 
1876,  pp.  132,  157. 

X  djc 

146.  Int^rate   the    expression   .  ,         '    ..  . — —..     (Problem    132) 

\jr  -f-  o)  y  \x*  —  1 ) 

[with  note  on  L^endre's  and  Clausen* s  methods  of  solution].     Analyst, 
Des  Moines,  3,  1876,  pp.  163,  191 ;  4, 1877,  p.  55. 

147.  Observations  of  the  satellites  of  Neptune  and  Uranus  [and  the 
(companion  of  Sirius].     Astr.  Nachr.,  88,  1876,  col.  131-138. 

148.  Equatorial  observations  .  .  .  [End  of  the  eclipse  of  the  sun, 
September  28,  1875.  Occultations  of  Saturn,  August  6  and  September  2, 
1876.  By  A.  HaU,  W.  Harkness,  E.  S.  Holden,  and  E.  Frisby.]  Astr. 
Nachr.,  88,  1876,  col.  297-298. 

1877. 

149.  Elements  of  Hyperion,  with  ephemeris  for  1877.  Astr.  Nachr., 
90,  1877,  col.  7-12. 
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150.  Oliservations  of  the  satellites  of  Saturn  [June-December,  1876]. 
Astr.  Nachr.,  90,  1877,  col.  129-138. 

151.  On  the  rotation  of  Saturn.  Analyst,  Des  Moines,  4,  1877,  pp.  36- 
42 ;  Astr.  Nachr.,  90, 1877,  col.  145-150.  Synopsis  in  Astron.  Soc.  Month. 
Not. ,  38, 1877-78,  pp.  209-210.     Reviewed  in  Nature,  16, 1877,  pp.  363-364. 


152.  The  approximate  value  of  the  definite  integral  I  T  y'  sin  ^.  d  ^   is 

1.198.    Is  there  a  convenient  way  of  computing  this  numerical  value? 
Query.     Analyst,  Des  Moines,  4,  1877,  p.  48.    See  No.  163. 

153.  P  and  Q  being  functions  of  a;,  find  the  conditions  that  the  equation 

2/  rf  t/  -f-  (P  -  Qy)  d  a:  =  0,  is  made  integrable  by  the  factor  f~x^7~~Vl» 

and  determine  the  form  off  (x).     (Problem  160. )    Analyst,  Des  Moines, 
4,  1877,  p.  64. 

154.  DijQferential  equations  of  Problem  165.  [The  motion  of  two 
planets.]    Analyst,  Des  Moines,  4,  1877,  pp.  146-147. 

155.  Discovery  of  the  satellites  of  Mars.  [Letter  to  Mr.  Glaisher.] 
Astron.  Soc.  Month.  Not,  38,  1877-78,  pp.  205-208. 

156.  On  the  appearance  of  Saturn's  rings.  Astr.  Nachr.,  90,  1877,  col. 
151-154.  Abstract  in  Washington,  Phil.  Soc.  Bull.,  2,  1874-78,  p.  94; 
Smithson.  Misc.  Coll.,  20,  1881,  Art.  2,  p.  94. 

157.  Observations  made  with  the  26-inch  refractor  .  .  .  [Satellites 
of  Neptune  and  Uranus,  the  companion  of  Sirius ;  by  A.  Hall  and  E.  S* 
Holden.     Double  stars,  by  A.  Hall.]     Astr.  Nachr.,  90,  1877,  col.  161-166. 

158.  Shadow  of  a  planet.     Astr.  Nachr.,  90,  1877,  col.  305-314. 

159.  [Correction  to  the  published  observation  of  the  satellites  of  Mare, 
made  August  20,  1877 ;  and  on  the  effect  of  observing  with  a  large  refrac- 
tor on  estimates  of  magnitudes.]     Astr.  Nachr.,  90,  1877,  col.  361-362. 

160.  Observations  of  the  satellites  of  Mars  [August  11  to  September  1«, 
1877].     Astr.  Nachr.,  91,  1877-78,  col.  11-14. 

161.  On  the  position  of  the  south-polar  spot  of  Mars.  Astr.  Nachr.,  91, 
1877-78,  col.  219-224. 

162.  [On  the  stars  in  the  halo  of  light  surrounding  Sirius.]  Astr. 
Nachr.,  91,  1877-78,  col.  223-224. 

(sin  (f)h    </^, 

(Mathematical  Question  5249.)      Educational  Times,  30,    1877-78,  pp. 
21, 91 ;  Math.  Quest,  from  Educational  Times,  28, 1877,  p.  19.     See  No.  162. 

164.  [Condition  of  the  atmosphere  in  regard  to  astronomical  observa- 
tions at  the  Old  Naval  Observatory.  Letter  to  the  Superintendent,  dated 
September  8,  1877.]  In  Reports  on  the  removal  of  the  United  States 
Naval  Observatory;  Rear- Admiral  John  Rodgers.  Washington,  1877, 
p.  9 ;  also  in  Report  Sec.  Navy,  1877,  p.  313. 

165.  [Letter  to  the  Superintendent  in  relation  to  change  of  organization 
of  the  Naval  Observatory,  dated  November  24,  1877.  Signed  by  M.  Yar- 
nall,  A.  Hall,  and  others.  ]     In  Reports  on  the  removal  of  the  United  States 
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Naval  Observatory,  Rear  Admiral  John  Rodgers.    Washington,  1877,  pp. 
17-18;  Report  Seo.  Navy,  1877,  pp.  321-322. 

166.  [Results  of  measures  of  Sirius  and  companion,  March  25  and  26, 
1874,  with  the  26-ineh  equatorial.]     Washington  Obs'ns,  1874,  p.  290. 

167.  Bright  spot  which  had  recently  become  visible  on  the  ball  of 
Saturn.  Abstract.  Washington,  Phil.  8oc.  Bull.,  2,  1874-78,  p.  102; 
Smithson.  Misc.  Coll.,  20,  1881,  Art.  2,  p.  102. 

1878. 

168.  [Circular  letter,  signed  by  M.  Yamall,  A.  Hall,  and  others,  ad- 
dresse<l  to  the  members  of  the  National  Academy  of  Sciences,  and  taking 
exception  to  certain  reflections  upon  the  professional  astronomers  of  the 
Naval  Observatory,  contained  in  a  circular  previously  received  by  mem- 
bers of  the  Academy.  ]     Washington,  D.  C. ,  January  24, 1878, 1  p. ,  25i  cm. 

169.  Report  of  the  committee  [of  the  National  Academy  of  Sciences]  on 
proposed  changes  in  the  Nautical  Almanac  [Signed  by  J.  £.  Hilgard, 
J.  H.  C.  CoflRn,  A.  Hall,  and  others.]  American  Ephemeris  and  Nautical 
Almanac,  1882,  pp.  518-519. 

170.  Observations  of  the  brightness  of  the  satellites  of  Uranus.  [By  A. 
Hall  and  E.  S.  Holden.]     Amer.  Journ.  Sci.,  15,  1878,  pp.  19^197. 

171.  Center  of  gravity  of  the  apparent  disk  of  a  planet.  Analyst,  Des 
Moines,  5,  1878,  pp.  44-45;  Astron.  Soc.  Month.  Not.,  38,  1877-78,  pp. 
122-123. 

172.  Given  x*  —  a  cos  A  ±:  ri,  y  =  asm  Adz  r„  where  r,  and  r,  are  the 
probable  errors  of  x  and  y.  Required  the  probable  errors  of  a  and  A. 
(Problem  201.)     Analyst,  Des  Moines,  5,  1878,  pp.  64,  92. 

173.  Observations  of  stars  around  the  ring-nebula  in  Lyra.  Astr.  Nachr. , 
92,  1878,  col.  27-28. 

174.  Names  [and  approximate  elements]  of  the  satellites  of  Mars.  Astr. 
Nachr.,  92,  1878,  col.  47-48. 

175.  Corrections  to  observations  of  comets.  [Tuttle's  Comet  and  Comet 
c,  1873,  Borrelly.]    Astr.  Nachr.,  92,  1878,  col.  365-366. 

176.  Observations  with  the  26-inch  refractor  .  .  .  [Satellites  of  Sat- 
urn ;  disappearance  of  the  ring ;  satellites  of  Uranus ;  Venus ;  transit  of 
Mercury,  May  6,  1878 ;  companion  of  Sirius.  Of  these  the  observations 
of  Oberon  and  Titania,  two  ol^servations  of  Mimas,  and  six  of  the  com- 
panion of  Sirius  were  made  by  Professor  Holden.]  Astr.  Nachr.,  93,  1878, 
col.  65-70. 

177.  Mathematical  Question  5522.  [Statement  not  accessible.]  Educa- 
tional Times,  31,  1878-79,  p.  21. 

178.  Mathematical  Question  5596.  [Statement  not  accessible.]  Educa- 
tional Times,  31,  1878-79,  p.  113. 

179.  [Introduction  to  the  observations  made  with  the  26-inch  equatorial, 
1875-1890.]  Washington  Obs'ns,  1875,  pp.  LXXXIII-LXXXIV ;  1876, 
pp.  XCI-XCIIl;  1877,  p.  LXXXV;  1878,  p.  LXXI;  1879,  p.  LXXI; 
1880,  p.  LXXI;  1881,  p.  LXXV ;  1882,  p.  LXIII;  1883,  p.  LXXIX ; 
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1884,  p.  XCIII;  1885,  p.  CIII;  1886,  p.  XCVII ;  1887,  p.  LXXXVII 
1888,  p.  A91 ;  1889,  p.  LXVII ;  1890,  p.  LI. 

180.  Observations  made  with  the  20-inch  equatorial,  1875.  [Observers : 
8.  Newcomb,  A.  Hall,  E.  S.  Holden,  C.  L.  Doolittle,  D.  P.  Todd,  and 
H.  P.  Tuttle.  Professor  Hall  observed  the  satellites  of  iSaturn,  of  Uranus, 
and  of  Neptune ;  diameter  of  Jupiter;  diameters  of  the  rings  of  Saturn, 
companion  of  Sirius,  double  stars,  and  nebula*.]  Washington  Obs'ns, 
1875,  pp.  283-866. 

181.  Observations  of  the  solar  eclipse  September  28,  1875  [made  with 
the  9.6-inch  equatorial.  A.  Hall,  observer;  H.  M.  Paul,  recorder]. 
Washington  Obs'ns,  1875,  p.  372. 

182.  Observations  and  orbits  of  the  satellites  of  Mars ;  with  data  for 
ephemerides  in  1879.  Washington,  1878.  46  pp.  29^  cm.  A  few  copies 
of  this  paper  were  bound  in  with  the  Washington  Observations  for  1875 ; 
the  others  were  issued  separately.  There  is  an  abridged  French  translation 
by  Paul  Guieysse,  in  Liouville,  Journ.  Math.,  5,  1879,  pp.  143-162.  The 
discovery  of  the  satellites  of  Mars  was  officially  announced  in  the  **  Letter 
to  the  Hon.  R.  W.  Thompson,  Secretary  of  the  Navy  .  .  .  [signed 
by]  John  Rodgers,  Rear- Admiral  and  Superintendent."  (Washington, 
August  21,  1877. )  3  pp.,  25J  cm.  Reprinted  in  the  Amer.  Journ.  Sci.,  14, 
1877,  pp.  326-327;  Astron.  Soc.  Month.  Not.,  37,  1876-77,  pp.  443-445; 
Astr.  Nachr.,  90,  1877,  col.  273-276.  A  copy  of  the  dispatch  sent  out  by 
the  Smithsonian  Institution  is  containe<l  in  the  above  letter ;  a  German 
translation,  in  the  Astr.  Nachr.,  90,  1877,  col.  189-190,  with  later  data  in 
English,  col.  239-240 ;  a  French  translation  in  Paris,  Acad.  Sci.  Compt. 
Rend.,  So,  1877,  p.  4:^7. 

183.  Results  of  his  search  for  satellites  of  Mars.  Al>stract.  Washing- 
ton, Phil.  Soc.  Bull.,  2,  1874-78,  p.  186;  Smithson.  Misc.  Coll.,  20,  1881, 
Art.  2,  p.  186. 

184.  [Remarks  on  planetary  motions.]  Washington,  Phil.  Soc.  Bull.,  2, 
1874-78,  pp.  188,  189,  192 ;  Smithson.  Misc.  (k)ll.,  20,  1881,  Art.  2,  pp.  188, 
189,  192. 

185.  [Remarks  on  the  transit  of  Mercury,  1878.]  Washington,  Phil. 
Soc.  Bull.,  2,  1874-78,  p.  199;  Smithson.  Misc.  Coll.,  20, 1881,  Art.  2,  p.  199. 

186.  On  the  supposed  discovery  of  a  trans-Neptunian  planet  at  the  U.  S. 
Naval  Observatory  in  1850.  Washington,  Phil.  Soc.  Bull.,  3, 1878-80,  pp. 
20-21 ;  Smithson.  Misc.  Coll.,  20,  1881,  Art.  3,  pp.  20-21. 

187.  Report  on  the  orbits  of  the  satellites  of  Mars.  [Title  only.] 
Washington,  Proc.  Nation.  Acad.,  1, 1863-94,  p.  129 ;  Report,  1878-79,  p.  2. 

1879. 

188.  On  the  observations  of  double  stars.  Amer.  Assoc.  Proc,  28, 1879, 
pp.  65-73. 

189.  If  in  the  plane  xy  the  directions  of  the  forces  P  and  P^  make  with  the 
axis  of  X  the  angles  a  and  a\  and  the  direction  of  their  resultant  the  angle 
A,  and  if  we  denote  by  p,  p\  and  r  the  perpendiculars  from  the  origin  on 
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these  directions,  we  have  the  relation  r  sin  (a*  —  a)  +/>  sin  (A  —  a*)  -f 
y  sin  (a  -  A)  ^  0.     (Problem  248,  with  solution.)    Analyst,  Des  Moines, 
6,  1879,  pp.  31,  62. 

190.  Stellar  parallax.     Analyst,  Des  Moines,  6,  1879,  pp.  33-40. 

191.  When  we  descend  below  the  surface  of  the  earth,  does  the  earth's 
attractive  force  increase  or  diminish  ?  (Query  1. )  Analyst,  Des  Moines, 
6,  1879,  pp.  64,  85. 

192.  "If  the  given  quantities  x„  j*,,  x,,  z^  have  the  probable  errors  r,, 
*"»»  ^j>  T^4i  respectively,  find  the  probable  error  r  of  the  quantity  x  when 
x^  :  a:,  :  :  j*,  +  jr :  a\  +  J*-*'  (Problem  256,  solved. )  Analyst,  Des  Moines, 
6,  1879,  p.  93. 

193.  Find  the  moments  of  inertia  of  an  elliptic  disk  about  a  straight  line 
in  the  plane  of  the  disk  and  parallel  to  (1)  the  axis  of  j:,  (2)  the  axis  of 
y,  the  equation  of  the  disk  being  cur*  -f-  2  bxy  -fcy'-f  2dx-^2ey  +  f  =  0. 
(Problem  275,  with  solution.)  Analyst,  Des  Moines,  6,  1879,  pp.  128, 
158-159 ;  also  proposed  as  Mathematical  Question  6041,  in  the  Educational 
Times,  32,  1879,  pp.  24;^,  2(i8 ;  Math.  Quest,  from  Educational  Times,  32, 
1879,  p.  50. 

194.  Motion  of  a  satellite.     Analyst,  Des  Moines,  6,  1879,  pp.  129-139. 

195.  On  a  theorem  of  Lambert's.  Analyst,  Des  Moines,  6,  1879,  pp. 
171-173. 

196.  "If  from  any  point  in  the  plane  of  a  parallelogram  perpendiculars 
are  let  fall  on  the  diagonal  and  on  the  two  sides  that  contain  this  diagonal, 
the  product  of  the  diagonal  by  its  perpendicular  is  equal  to  the  sum  of 
the  prcxlucts  of  the  sides  by  their  respective  perpendiculars  if  the  point 
falls  outside  of  the  parallelogram,  or  to  their  difierence  if  it  lies  within 
the  parallelogram."  Varignon's  Theorem :  Afecanique  analytiqiUy  Tome  1, 
p.  13.  (Problem  28iJ,  selected  by  Professor  Hall.)  Analyst,  Des  Moines, 
6,  1879,  p.  190;  Lagrange  quoted,  7,  1880,  p.  27. 

197.  Extracts  from  a  letter  to  the  Astronomer  Royal.  [On  the  ele- 
ments of  some  of  the  planets.]  Astron.  Soc.  Month.  Not.,  39,  1878-79, 
pp.  373-374. 

198.  Note  on  Hyperion.    Astron.  Soc.  Month.  Not.,  39,  1878-79,  p.  517. 

199.  Observations  of  Hyperion.     Astr.  Nachr.,  94, 1878-79,  col.  221-222. 

200.  [Letter  to  the  editor  stating  that  an  observation  of  the  companion 
of  Sirius  made  at  the  Naval  Observatory,  1873,  Noveml^er  29,  which  gives 
j9  =  59**4  «  =  12^^27  had  been  erroneously  ascribed  to  the  writer,  who 
wished  to  say,  therefore,  that  the  observation  was  not  made  by  him.] 
Astr.  Nachr.,  94,  1878-79,  col.  383-384. 

201.  Motion  of  Hyperion.    Astr.  Nachr.,  95,  1879,  col.  109-112. 

202.  Note  on  Saturn.     Astr.  Nachr. ,  95,  1879,  col.  191-192. 

203.  Observations  of  the  companion  of  Sirius,  [By  A.  Hall  and  E.  8. 
Holden.]    Astr.  Nachr.,  95,  1879,  col.  329-330. 

204.  Mathematical  Question  5958.  [Statement  not  accessible.]  Edu- 
cational Times,  32,  1879,  p.  152. 

205.  Mathematical  Question  6(X)8.  [Statement  not  accessible.]  Ediv 
cational  Times,  32,  1879,  p.  269. 
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206.  Mathematical  Question  6119.  Kducational  Times,  32, 1879,  p.  316. 
Same  as  No.  221. 

207.  Trans-Neptunian  planet.     Nature,  19,  1878-79,  p.  481. 

208.  Les  satellites  de  Mars  en  1879.  Paris,  Acad.  Sci.  Compt.  Rend., 
89,  1879,  pp.  776-778. 

209.  Report  on  telescopic  observations  of  the  transit  of  Mercury,  May 
5-6,  1878.     Washington  Obs'ns,  1876,  Appendix  II,  pp.  3-7. 

210.  On  the  satellites  of  Saturn.  [Hyperion  and  Titan.]  Abstract. 
Washington,  Phil.  Soc.  Bull.,  3,  1878-80,  p.  26;  Smithson.  Misc.  Coll.,  20, 
1881,  Art.  3,  p.  26. 

211.  Notes  on  the  orbita  of  Titan  and  Hyperion.  Abstract.  Wash- 
ington, Phil.  Soc.  Bull.,  3,  1878-80,  pp.  40-41;  Smithson.  Misc.  Col.,  20, 
1881,  Art.  3,  pp.  40-41. 

212.  Satellites ofMars in  1879.  [Title only.]  Washington,  Proc.  Nation. 
Acad.,  1,  1863-94,  p.  166;  Report,  1879-80,  p.  6.     See  Nos.  208,  218. 

1880. 

213.  [On  the  progress  of  astronomy.  J  Address,  Vice-President  Section 
A.  Amer.  Assoc.  Proc.,  29,  1880,  pp.  i)9-114;  Nature,  22,  1880,  pp.  570- 
574;  Observatory,  London,  3,  1879-80,  pp.  594-601,  640-645;  Science, 
Michels,  1,  1880,  pp.  123-127.  French  translation  in  Les  Mondes,  54, 
1881,  pp.  26-33. 

214.  Note  on  the  companion  of  Sirius.  Amer.  Journ.  Sci.,  19,  1880, 
pp.  457-458. 

215.  Given,  the  common  astronomical  equations :  tang  (X  —  (2)  =co8  i 
tang  n,  sin  /3  ^  sin  i  sin  t<,  eliminate  u,  and  show  in  this  manner  that 
tang  /3  =  tang  i  sin  (X  —  Ji).  (Problem  295,  with  solution.)  Analyst, 
Des  Moines,  7,  1880,  pp.  31,  62. 

216.  Parallel  chords  in  an  ellipse.  Analyst,  Des  Moines,  7,  1880,  pp. 
82-83. 

217.  (1. )  If  r  be  the  potential  function,  we  have  the  equation  given  by 

Laplace,    ,  ,  -|-    ,  ^    -f    ,  ^    =  0,  which  holds  for  a  point  outside  the 

attracting  body.      For  a  point  inside  this  body  we  have  the  equation 

d^v         d^v         d^v 
given  by  Poisson,  —rj-  -\-  ~TT  ~^  ~h^  ^^  —  4irp.     What  is  the  value  of 

the  right-hand  side  of  this  equation  for  a  point  on  the  surface  of  the  at. 
tracting  body?  Moigno  says,  "In  this  case  the  expression  will  have  in 
reality  eight  distinct  values."     Statics^  p.  4<i0. 

(2.)  Given  a  hemispherical  dome  turning  about  a  pin  at  the  top.  and 
liaving  a  slit  extending  from  the  horizon  to  the  zenith,  can  a  telescope  be 
placed  inside  this  dome  in  such  a  position  that  every  i>oint  of  the  heavens 
can  be  seen  through  the  telescope?  (Quer>\)  Analyst,  Des  Moines,  7, 
1880,  pp.  135,  161-162. 

218.  Observations  of  the  satellites  of  Mars.  Astron.  Soc.  Month.  Not., 
40,  1879-80,  pp.  272-283. 
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219.  Note  on  /9  Leporis.     Astr.  Nachr.,  96,  1879-80,  col.  239-240. 

220.  Observations  of  the  companion  of  Sirins.  Astr.  Nachr.,  97,  1880, 
col.  319-320. 

221.  If  A„  Af,  A,,  A4  be  the  lengths  of  four  parallel  chords  in  an  ellipse, 
and  if  (1.2),  (1.3),  (1.4),  (2.3),  (2.4),  (3.4)  denote  the  distances  between 
these  chords,  prove  that  +  (2.3)  (2.4) .  (3.4) .  A,«  —  (1.3)  (1.4)  (3.4) 
A,«-f  (1.2)  (1.4).  (2.4).  A,»  — (1.2)  (1.3)  (2.3)  A4»  =  0.  (Mathemat- 
ical Question  6119,  selected  from  Savary  in  the  Ckmn.  des  Temps^  1830, 
Add.  p.  65.)     Educational  Times,  33,  1880,  p.  21.     Same  as  206. 

222.  "  If  two  bodies  revolve  about  a  center,  acted  upon  by  a  force  pro- 
portional to  the  distance  from  the  center,  and  independent  of  the  mass  of 
the  attracted  body,  prove  that  each  will  appear  to  the  other  to  move  in  a 
plane,  whatever  be  the  mutual  attraction."  (Mathematical  Question 
6968,  solved. )     Educational  Times,  33,  1880,  p.  309. 

223.  Notes  of  observations  of  contact  [made  at  Vladivostok].  In  ob- 
servations of  the  transit  of  Venus,  December  8-9,  1874,  made  and  reduced 
under  the  direction  of  the  Commission  created  by  Congress ;  edited  by 
8imon  Newcomb.     Part  I.     Washington,  1880,  pp.  145-146. 

224.  Comets  [visible  in  October,  1880].  Science,  Michels,  1,  1880,  p. 
214. 

225.  Comet  e,  1880.     Science,  Michels,  1,  1880,  p.  259. 

226.  Tycho  Brahe*s  new  star.    Science,  Michels,  1,  1880,  pp.  274-275. 

227.  Swift*8  Comet.     Science,  Michels,  1,  1880,  p.  283. 

228.  Illustration.  [In  regard  to  the  controversy  between  Professor 
Tait  and  Mr.  Herbert  Spencer.]    Science,  Michels,  1,  1880,  pp.  309-310. 

229.  Tempel-Swift  Comet.     Science,  Michels,  1,  1880,  p.  330. 

2:i0.  Observations  made  with  the  26-inch  equatorial,  1876.  [Observers : 
A.  Hall,  E.  S.  Holden,  and  others.  Professor  Hall  discovered  and  ob- 
served the  white  spot  on  Saturn,  observed  the  satellites  of  Saturn,  of 
Uranus,  and  of  Neptune,  occultations  of  Saturn,  the  companion  of  Sirius, 
double  stars,  Ac]    Washington  Qbs'ns,  1876,  pp.  309-400. 

231.  Report  on  the  total  solar  eclipse  of  July  29,  1878.  [As  chief  of 
party  at  La  Junta,  Colorado.]  Washington  Obs'ns,  1876,  Appendix  III, 
pp.  251-257. 

1881. 

232.  A  comet  moves  about  the  sun  in  a  given  parabolic  orbit.  Find  the 
right  ascension  and  declination  of  the  point  on  the  heavens  towards  which 
the  comet  approaches  as  it  recedes  from  the  sun  and  the  earth.  (Prob- 
lem 338. )  Analyst,  Des  Moines,  8,  1881,  p.  31 ;  Question  6660,  Educa- 
tional Times,  34,  1881,  p.  123. 

233.  Notes  on  Gauss'  Theoria  motus.  Analyst,  Des  Moines,  8,  1881, 
pp.  83-88. 

234.  Given  2  =  a  sin  (a:  +  o)  -f  b  sin  iy  +  /3),  reduce  z  to  the  form 
z^^Dsini  (x-\-a  +  y+  p  +  d).  (Problem  347.)  Analyst,  DesMomes, 
8,  1881,  pp.  103,  130;  Question  6740,  Educational  Times,  34,  1881,  p.  171; 
37,  1884,  p.  329. 

293 


NATIONAL  ACADEMY   OF   SCIENCES. 

235.  '  'Observations  on  the  motions  of  the  sun-spots  have  also  established 
the  fact  that  the  son  is  not  a  fixed  body,  around  which  the  earth  revolves, 
but  that  it  has  a  motion  of  its  own  through  space.''  Physiography ^  by 
T.  H.  Huxley,  2d  ed. ,  p.  365.  How  can  the  above  fact  be  determined  by 
observations  of  the  sun-spots?  (Query.)  Analyst,  Des Moines,  8,  1881, 
p.  104;  Science,  Michels,  2,  1881,  p.  215. 

236.  ''Given  the  angles  A,  B  and  C  of  a  plane  triangle,  and  d  log  a, 
d  log  6,  and  d  log  c;  a,  6,  c  being  the  sides  respectively.  What  are  the 
corresponding  values  dA,  dB,  and  dC  expressed  in  seconds  of  arc?" 
(Problem  358,  solved.)    Analyst,  Des  Moines,  8,  1881,  p.  165. 

237.  Secular  displacement  of  the  orbit  of  a  satellite.  Analyst,  Des 
Moines,  8,  1881,  pp.  177-187. 

238.  Centrifugal  tides.    Analyst,  Des  Moines,  8,  1881,  pp.  188-180. 

239.  [Obituary  notice  of  Dr.  Carl  Rudolf  Powalky,  1817-1881.]  Astr. 
Nachr.,  100,  1881,  col.  159-160. 

240.  Observations  of  comets.  [Faye's  Comet  and  Comet  c,  1880.] 
Astr.  Nachr.,  100,  1881,  col.  273-278. 

241.  Data  for  ephemerides  of  the  satellites  of  Mars  in  the  opposition  of 
1881.  Astr.  Nachr.,  100,  1881,  col.  277-280;  Science,  Michels,  2,  1881, 
p.  543. 

242.  Observations  of  Hyperion  [with  ephemeris].  Astr.  Nachr.,  100, 
1881,  col.  279-282,  351. 

243.  Satellites  of  Mars  in  1881.    Astr.  Nachr.,  101, 1881-82,  col.  121-122. 

244.  Sobre  la  densidad  de  Satumo.  Cronica  Cientffica,  Barcelona,  4, 
1881,  p.  90. 

245.  Notes  on  double  stars  [e  and  a  LyrseJ.  Observatory,  London,  4, 
1881,  pp.  281-282. 

246.  Lunar  eclipse,  June  11, 1881.  [Observations.]  Observatory,  Lon- 
don, 4,  1881,  p.  282. 

247.  Brightness  of  the  satellites  of  Mars.  Observatory,  London,  4,  1881, 
p.  361. 

248.  [Partial  solar  eclipse  of  December  31,  1880.  Observation  of  last 
contact.]    Science,  Michels,  2,  1881,  p.  8. 

249.  Intra-Mercurial  planets.    Science,  Michels,  2,  1881,  pp.  202-203. 

250.  Satellites  of  Mars.  [Observation  made  November  20,  1881.] 
Science,  Michels,  2,  1881,  p.  557. 

251.  Observations  made  with  the  26-inch  equatorial,  1877.  [Observers : 
A.  Hall  and  E.  S.  Holden.  Professor  Hall  discovered  and  observed  the 
satellites  of  Mars ;  observed  the  satellites  of  Saturn  and  of  Neptune,  Sat- 
urn's ring,  white  spot  on  the  ball  of  Saturn,  companion  of  Sirius,  double 
stars,  Ring  nebula,  <&c.]    Washington  Obs'ns,  1877,  pp.  183-231. 

252.  Observations  of  double  stars  .  .  .  [Part  I,  1863,  1875-79. 
Washmgton  Observations,  1877,  Appendix  VI.]  Washington,  1881. 
144  pp.,  291  cm.  Reviewed  by  H.  A.  Newton,  Amer.  Joum.  Sci.,  22, 
1881,  pp.  84-85;  by  E.  B.  Knobel,  Astron.  Soc.  Month.  Not.,  42,  1881-82, 
pp.  179-180;  Nature,  25,  1881-82,  p.  122. 
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1882. 


253.  [Resolutions  upon  the  death  of  Rear  Admiral  John  Rwlgers,  adopted 
by  the  gentlemen  attached  to  the  U.  S.  Naval  Observatory  and  signed  by 
W.  T.  Sampson,  Asaph  Hall,  and  others.]  Washington,  May  10,  1882. 
1  p.,  engraved,  33  cm. 

254.  Parallax  of  a  Lyrse  and  61  Cygni.  Amer.  Assoc.  Proc,  31,  1882, 
pp.  9:i-99 ;  Sidereal  Messenger,  2,  1883-84,  pp.  1-8. 

255.  *'  Show  that   f  " ^ilH-^U—  =  — ^ —  when  c  is  indefinitely 

Jo       1  — ccos»tf         v/(2n)  ^ 

nearly  equal  to  unity,  n  being  a  positive  quantity.  * '     ( Problem  365,  solved . ) 
Analyst,  Des  Moines,  9,  1882,  p.  26. 


256.  "Show  that    \     dx   \     <t>  (x,  y)  •  dy  =    \dy    \     <f>  (x,  y) 

Jo         Jo  Jo         Jy 


dxr— 


Dirichlet's  theorem.     (Problem  384,  selected.)    Analyst,  Des  Moines,  9, 
1882,  pp.  32,  62. 

257.  Note  on  Problem  374.— ["Prove,  Ist,  that  the  probable  value  of 
any  tabular  value  in  a  table  of  logarithms,  trigonometric  functions,  etc. , 
is  0.25  of  a  unit  of  the  last  decimal  place,  supposing  this  place  correct  to 
the  nearest  unit ;  2d,  that  the  average  of  the  squares  of  probable  errors 
of  interpolated  values  depending  on  first  difierences  only  is  |  (0.25)*."] 
Analyst,  Des  Moines,  9,  1882,  p.  48. 

258.  CJorrection  of  Barlow's  2U6^  .  .  .  De  Morgan's  edition,  Lon- 
don, 1875.    Analyst,  Des  Moines,  9,  1882,  p.  64. 

259.  Given  log  91  =  1.95904  d=  r,  log  92  =  1.96379  d=  r,  find  log  91.5  to 
five  decimals,  by  simple  proportion  from  the  difference,  and  find  the 
probable  error  of  this  logarithm.  (F*roblem  391,  with  solution.)  Ana- 
lyst, Des  Moines,  9,  1882,  pp.  64,  94;  also  proposed  as  Problem  7030, 
Educational  Times,  a5,  1882,  p.  129. 

260.  In  a  plane  passing  through  the  center  of  the  sun,  12  right  lines 
are  drawn  from  this  center,  making  an  angle  of  30°  with  each  other.  On 
each  of  these  lines  three  homogeneous  spherical  bodies  are  placed  at  dis- 
tances respectively  of  10,  20,  and  30  from  the  center  of  the  sun,  the 
distance  from  the  earth  to  the  sun  being  the  unit  of  distance.  The  mass 
of  each  of  these  bodies  being  equal  to  that  of  the  sun,  what  will  be  the 
velocity  of  a  particle  that  starts  from  an  infinite  distance  and  moves  in  a 
right  line  towards  the  center  of  the  sun,  and  perpendicularly  to  the  plane 
of  the  bodies,  when  the  particle  is  at  a  distance  of  0.01  from  the  center  of 
the  sun,  the  law  of  attraction  being  that  of  Newton  ?  ( Problem  400,  with 
solution. )    Analyst,  Des  Moines,  9,  1882,  pp.  96,  126. 

261.  "Given  ^  (x«)  0  (y»)  =  ^  KM  ^  (y'M  and  x*  +  !/«  =r  a/« +  y'', 
to  determine  the  form  of  the  fimction  denoted  by  0."  (Problem  397, 
solved. )    Analyst,  Des  Moines,  9,  1882,  pp.  12^-124. 

262.  Density  of  the  earth.    Analyst,  Des  Moines,  9,  1882,  pp.  129-132. 

263.  "A  smooth  horizontal  disk  revolves  with  the  angular  velocity  //* 
about  a  vertical  axis,  at  which  is  placed  a  material  particle  attracted  to  a 
certain  point  of  the  disk  by  a  force  whose  acceleration  is  m  X  distance ; 
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prove  that  the  path  on  the  disk  will  be  a  cycloid.— Routh's  Rigid  dy- 
namics, p.  183.**  (Problem  396,  solved.)  Analyst,  Des  Mome8,9,  1882, 
p.  153. 

264.  Transform  the  definite  integral  I    ^  (x),dx,  bo  that  the  limits  of 

integration  shall  be  m  and  n.  (Problem  420.)  Analyst,  Des  Moines,  9, 
1882,  p.  195 ;  10,  1883,  p.  29. 

265.  Conjunctions  of  the  interior  satellites  of  Saturn.  Astron.  Soc. 
Month.  Not.,  42,  1881-82,  p.  308. 

266.  Observations  of  the  companion  of  Sirius  .  .  .  [Observers  :  A. 
Hall  and  E.  Frisby.]    Astron.  Soc.  Month.  Not.,  42.  1881-82,  pp.  323-S24. 

267.  Note  on  meteoric  astronomy.  Astr.  Nachr.,  101,  1881-82,  col. 
351-852. 

268.  Note  on  double  stars.    Astr.  Nachr.,  102,  1882,  col.  91-92. 

209.  The  Greenwich  observations  of  y  Draconis,  made  with  the  reflex 
zenith  tube.    Astr.  Nachr.,  102,  1882,  col.  143-144. 

270.  Observations  of  the  satellites  of  Mars  in  the  opposition  of  1881. 
Astr.  Nachr.,  102,  1882,  col.  217-220. 

271.  Superior  conjunctions  of  Hyperion,  1882.  Astr.  Nachr.,  102, 1882, 
col.  383-384. 

272.  Note  on  e  Lyrse.    Observatory,  London,  5,  1882,  p.  290. 

273.  Sur  Torbite  de  Japhet.  Paris,  Acad.  Sci.  Compt.  Rend.,  96,  1882, 
pp.  188-171. 

274.  Note  on  o*  Eridani.    Sidereal  Messenger,  1,  1882-83,  p.  94. 

275.  Observations  with  the  26-inch  equatorial,  1878.  [Observers:  A. 
Hall  and  £.  S.  Holden.  Professor  Hall  observed  Umbriel,  satellites  of 
Saturn,  Saturn's  rings,  double  stars,  <&c.]— Results  of  observations  made 
with  the  26-inch  equatorial,  1878.     Washington  Obs'ns,  1878,  pp.  63-98. 

276.  Parallax  of  a  Lyrse  and  61  Cygni.  [Washington  Observations  for 
1879,  Appendix  I.]  Washington,  1882.  64  pp.,  29}  cm.  Reviewed  in 
L'Astronomie,  4,  1885,  p.  311;  Bui.  Astr.,  Paris,  1,  1884,  pp.  198-199; 
Copernicus,  3,  1883-84,  pp.  188-189;  by  R.  S.  Ball,  Observatory,  6,  1883, 
pp.  60-61. 

1883. 

277.  Kepler's  problem.  Analyst,  Des  Moines,  10, 1883,  pp.  65-66.  Re- 
viewed in  Sidereal  Messenger,  2,  1883-84,  p.  132. 

278.  **A  lamina  is  bounded  on  two  sides  by  two  similar  ellipses,  the 
ratio  of  the  axes  in  each  being  m,  and  on  the  other  two  sides  by  two  sim- 
ilar hyperbolas,  the  ratio  of  the  axes  in  each  being  ?i.  These  four  curves 
have  their  principal  diameters  along  the  co-ordinate  axes.     Prove  that  the 

(a*  — tt'«)   (B* a^*) 

product  of  inertia  about  the  co-ordinate  axes  is  r- — -r-^. — ,, - 

^  4  (m*  +n*) 

where  a«',  fip^  are  the  semi-major  axes  of  the  ('urves.— Routh's  Rigul 

dj/namicB,'*     (Problem  440,   solved.)     Analyst,   Den  Moinetn,    10,    1883, 

p.  127. 
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279.  "  Given  five  equations,  a:,»  -f-  r,'  +  ^s*  =  3^2,  yi«  +  Vt*  +  J/s*  = 
3a«,  jTii/i  +  r,i/,  4-  xsy,  =  0.  j-|  +  a-,  +  Xh  =  0,  y,  -f  t/,  +  ;Vs=  0.  Eliminate 
Xj.v,  JTs^j,  and  show  that  a^x^^  -f-  /3^Vi*  =  2a'»/3^— Routh's  Dynamics,  4th 
edition,  Article  38.*'  (Problem  444,  solved.)  Analyst,  Des  Moines,  10, 
1883,  p.  157. 

280.  Observations  .  .  .  [Coiyunctionsofthe  satellites  of  Saturn,  the 
companion  of  Sirius,  of  which  eight  of  the  former  and  seven  of  the  latter 
were  made  by  Professor  Frisby. — Note  on  the  Great  Comet,  ft,  1882.] 
Astron.  Soc.  Month.  Not.,  43,  1882-83,  pp.  330-331. 

281.  Note  on  the  mass  of  Saturn.  Astron.  Soc.  Month.  Not.,  44, 1883-84, 
pp.  6-8.  Synopsis  in  Astron.  Reg.,  21,  1883,  pp.  27(5-277;  noticed  in 
Nature,  29,  1883-84,  p.  185. 

282.  [Error  in  temperature  coefficient  for  the  micrometer  screw  of  the 
Washington  26-inch  refractor,  which  was  applied  in  reducing  the  obser- 
vations for  the  parallax  of  a  Lyrse  and  61  Cygni.]  Astr.  Nachr  ,  105, 1883, 
col.  271-272. 

283.  Observations  of  the  companion  of  Sirius.  [February  and  March, 
1883.     By  A.  Hall  and  E.  Frisby.]    Sidereal  Messenger,  2, 18a3-84,  p.  127. 

284.  Constant  of  aberration  and  the  solar  parallax.  Sidereal  Messenger, 
2,  1883-84,  pp.  165-169. 

285.  Observations  made  with  the  26-inch  equatorial,  1879.  [Observers : 
A.  Hall  and  E.  S.  Holden.  Professor  Hall  observed  Ariel,  Titan,  Hy- 
perion, lapetus,  satellites  of  Mars,  double  stars.]— Results  of  observations 
with  the  26-inch  equatorial,  1879.     Washington  Obs'ns,  1879,  pp.  8.3-142. 

286.  Observations  of  the  Grreat  Comet  of  1882.  Washington  Obs'ns, 
1880,  Appendix  I,  pp.  23-24,  29. 

287.  [On  the  science  of  mathematics  and  the  '*  advantages  of  putting  a 
question  in  a  mathematical  form."]  Inaugural  address  of  the  Chairman 
of  the  Mathematical  Section.  Washington,  Phil.  Soc.  Bull.,  6,  1883,  pp. 
117-119;  Smithson.  Misc.  Coll.,  33,  1888,  Art.  1,  pp.  117-119. 

288.  [Criteria  which  have  been  proposed  for  the  rejection  of  doubtful 
observations.]  Abstract.  Washington,  Phil.  Soc.  Bull.,  6, 1883,  pp.  155- 
156;  Smithson.  Misc.  Coll.,  33,  1888,  Art.  1,  pp.  155-156. 

1884. 

289.  Determination  of  the  mass  of  a  planet  from  the  relative  i)osition  of 
two  satellites.  Ann.  Math.,  1, 1884-85,  pp.  1-4.  Abstract  in  Washington, 
Phil.  Soc.  Bull.,  6,  188:^,  pp.  132-133;  Smithson.  Misc.  Coll.. ;«,  1888,  Art. 
1,  pp.  132-133. 

290.  A  horizontal  wind  blows  against  a  hemispherical  dome  of  radius  R^. 
The  pressure  exerted  by  the  wind  on  a  plane  surface  normal  to  its  direction 
is  P  pounds  to  the  square  foot ;  on  a  surface  oblique  to  its  direction  the  pres-. 
sure  exerted  is  normal,  but  it  is  reduced  in  the  ratio  1 : 1  +  J  tan*  t,  where 
i  is  the  angle  of  incidence.  ( Poncelet,  Mecanique  indnstrielUf  403. )  It  is 
required  to  find  the  magnitudes  and  the  points  of  application  of  the  hori- 
zontal and  vertical  components  of  the  resultant  wind-pressure.  ( Exercise 
1,  solved.)    Ann.  Math.,  1,  1884-85,  pp.  44-47. 
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291.  The  renult ^—^ — ' — • ^    '     ^^ — is  given  as  the 

equivalent  of  the  function  (-^-r — )    H"  (^r —  )    +  (     4.^  )  »  where 

a,  j8,  7  are  roots  of  the  cubic  x*  +  pr'  +  9^^  +  ^  =  0.    Is  this  result  cor- 
rect?   (Exercise  12.)    Ann.  Math.,  1,  1884-85,  pp.  48,  88,  112-113. 

292.  In  his  work  Die  lineale  AusdehnungtHehre,  ein  neuer  zweig  der  Mdthe- 
matiky  p.  65,  Grassmann  says :  ^*  Lagrange  fuhrt  in  seiner  MSc.  anoZ.,  p.  14 
der  neuen  Ausgabe,  einen  Satz  von  Varignon  an,  dessen  er  sich  zur  Ver- 
knupfung  der  verschiedenen  Principien  der  Statik  bedient.  ♦  *  *  * 
Dieser  Satz  ist,  wie  sich  sogleich  zeigen  wird,  unrichtig."  In  what  way 
is  this  theorem  incorrect  as  used  by  Todhunter  and  others?  (Exercise 
17.)     Ann.  Math.,  1,  1884-85,  pp.  71,  92. 

293.  Observations  .  .  .  [Ck)njunctions  of  the  satellites  of  Saturn, 
satellites  of  Mars,  and  companion  of  Sirius.]  Astron.  Soc.  Month.  Not., 
44,  1883-84,  pp.  358-361. 

294.  Motion  of  Hyperion.  Astron.  Soc.  Month.  Not.,  44,  1883-84,  pp. 
361-365.    Abstract  in  Science,  4,  1884,  pp.  155-156. 

295.  Uniform  ephemeris  of  the  clock  stars.  Astr.  Nachr.,  109, 1884,  col. 
145-146 ;  Observatory,  London,  7,  1884,  pp.  220-221.  Abstract  in  Sidereal 
Messenger,  3,  1884,  p.  180. 

296.  Note  on  the  latitude  of  the  Naval  Observatory.  Astr.  Nachr.,  110, 
1884-85,  col.  129-132. 

297.  Lettre.  [Les  ^ph^m^rides  de  Mimas  et  Hyperion  par  M.  Marth. — 
I^  limite  sup^rieure  de  la  masse  de  Titan  par  M.  Tisserand.]  Bui.  Astr., 
Paris,  1,  1884,  p.  478. 

298.  If  a  planet  be  spherical  and  ^  be  the  angle  at  the  planet  between 
the  earth  and  the  sun  and  a  the  radius  of  the  sphere,  prove  that  the  dis- 
tance of  the  oentroid  of  the  planet's  apparent  disk  from  its  true  center 

will  be  -= —  sin'  i  </>  when  the  planet  is  gibbous,  -= —  cos*  J  0  when  the 

planet  is  crescent.     (Mathematical  Question  5522. )    Educational  Times, 
37,  1884,  p.  210. 

2i)9.  Observations  of  the  companion  of  Sirius.  Sidereal  Messenger,  3, 
1884,  p.  179. 

300.  Satellites  of  Saturn.  [Commends  Marthas  Epheineris,]  Sidereal 
Messenger,  3,  1884,  p.  318. 

301.  Observations  made  with  the  26-inch  equatorial,  1880.  [Observers : 
A.  Hall,  E.  S.  Holden,  and  E.  Frisby.  Professor  Hall  observed  Titan, 
Hyperion,  lapetus,  double  stars,  &c.] — Results  of  observations  with  the 
26-inch  equatorial,  1880.     Washington  Obs'ns,  1880,  pp.  91-110. 

302.  Formulie  for  computing  the  position  of  a  satellite.  Washington, 
Phil.  Soc.  Bull.,  7,  1884,  pp.  93-101;  Smithson.  Misc.  Coll.,  33,  1888,  Art. 
2,  pp.  93-101. 

303.  Motion  of  Hyperion.  [Title  only.]  Washington,  Proc.  Nation. 
Acad.,  1,  1863-94,  p.  250;  Report    .     .     .     1884,  p.  12.     See  No.  294. 
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304.  Variations  of  latitude.  Amer.  Journ.  Sci.,  29,  1885,  pp.  223-227; 
Observatory,  London,  8,  1885,  pp.  113-117. 

305.  Find  the  height  to  which  the  Washington  Monument  must  be  built 
so  that  a  boiiy  placed  on  top  of  it  would  have  no  weight.  (Exercise  52, 
with  solution.)     Ann.  Math.,  2,  1885-86,  pp.  23,  66-67. 

306.  Obc^ervationa  of  the  satellites  of  Saturn  and  of  the  companion  of 
Sirius.     Astron.  Soc.  Month.  Not.,  45,  1884-85,  pp.  425-427. 

307.  Observations  of  Hyperion.  [1881-85.]  Astr.  Nachr.,  HI,  1885, 
col.  295-302. 

308.  Observations  of  the  partial  solar  eclipse,  1885,  March  15-16.  [By 
A.  Hall,  E.  Frisby,  and  H.  M.  Paul.]  Astr.  Nachr.,  Ill,  1885,  col.  319- 
320;  Sidereal  Messenger,  4,  1885,  p.  123;  Washington  Obs'ns,  1882,  Ap- 
pendix II,  p.  8. 

309.  Note  on  the  parallax  of  40  o*  Eridani.  Astr.  Nachr.,  112,  1885,  col. 
303-304.    Abstract  in  Amer.  Journ.  Sci.,  30,  1885,  p.  403. 

310.  Defining  power  of  telescopes.    Observatory,  London,  8, 1885,  p.  174. 

311.  Height  of  land  in  Connecticut.     Science,  6,  1885,  p.  4. 

312.  Reineke  Fuchs  in  political  economy.    Science,  6,  1885,  p.  563. 

313.  Instruments  and  work  of  astronomy.  An  address  delivered  at  the 
opening  of  the  Leander  McCormick  Observatory  of  the  University  of  Vir- 
ginia, April  13,  1885.  Washington,  1885.  19  pp.,  23J  cm.  Reprinted  in 
Sidereal  Messenger,  4,  1885,  pp.  97-110. 

314.  [Unfavorable  weather  for  observations  during  the  spring  and  sum- 
mer of  1885.— Mass  of  Uranus.  Quoted  from  a  letter  to  the  editor.] 
Sidereal  Messenger,  4,  1885,  p.  153. 

315.  Commensurability  of  motions.  Sidereal  Messenger,  4,  1885,  pp. 
200-202;  Observatory,  London,  8,  1885,  pp.  327-328. 

316.  Observations  with  the  26-inch  equatorial,  1881.  [Observers :  A. 
Hall,  E.  S.  Holden,  and  E.  Frisby.  Professor  Hall  observed  Enceladus, 
Titan,  Hyperion,  lapetus,  the  satellites  of  Uranus,  of  Neptune,  and  of 
Mars,  double  stars,  Ac] — Results  of  observations  made  with  26-inch  equa- 
torial, 1881.    Washington  Obs'ns,  1881,  p.  97-114. 

317.  Orbits  of  Oberon  and  Titania,  the  outer  satellites  of  Uranus. 
[Washington  Observations  for  1881,]  (Appendix  1.)  Washington,  1885. 
33  pp.,  29i  cm.  Review  in  Astron.  Soc.  Month  Not.,  46,  1885-86,  pp. 
234-235. 

318.  Orbit  of  the  satellite  of  Neptune.  [Washington  Observations  for 
1881,]  (Appendix  J  I.)  Washington,  1885.  27  pp.,  29i  cm.  Review  in 
Astron.  Soc.  Month.  Not.,  46,  1885-86,  p.  235. 

319.  Observations  with  the  26-inch  equatorial,  1882.  [Observers:  A. 
Hall  and  E.  Frisby.  Professor  Hall  observed  the  satellite  of  Neptune, 
Oberon,  Titania,  Titan,  Hyperion,  Deimos,  conjunctions  of  the  satellites 
of  Saturn,  and  double  stars.]  Results  of  observations  with  the  26-inch 
equatorial,  1882.     Washington  Obs'ns.  1882,  pp.  93-113. 
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320.  Orbit  of  lapetuH,  the  outer  satellite  of  Saturn.  (Washington  Ob- 
servations for  1882,  Appendix  I.)  Washington,  1885.  82  pp.,  29i  cm. 
Review  in  Astron.  Soc.  Month.  Not.,  46,  1885-86,  pp.  235-236. 

321.  American  scientific  societies  (Annual  address  of  the  President.) 
Washington,  Phil.  Soc.  Bull.,  8,  1885,  pp.  XXXIII-XLVII;  Smithson. 
Misc.  Coll.,  33,  1888,  Art.  3,  pp.  XXXIII-XLVII. 

322.  [Remarks  on  Hamilton's  geometric  system.]  Washington,  Phil. 
Soc.  Bull.,  8,  1885,  p.  53;  Smithson.  Misc.  Coll.,  33,  1888,  Art  3,  p.  53. 

323.  [Remark  on  field  time  determinations.]  Washington,  Phil.  Soc. 
Bull.,  8,  1885,  p.  58;  Smithson.  Misc.  Coll.,  33,  1888,  Art.  3,  p.  58. 

324.  Letter  to  Mrs.  Smith  [from  the  committee  on  the  J.  Lawrence 

Smith  medal,  dated  July  27,  1885,  accepting  the  trust  in  behalf  of  the 

Academy.    Signed  by  Wolcott  Gibbs  and  others,  including  A.  Hall.] 

Washington,  Proc.  Nation.  Acad.,  1,  1863-94,  pp.  263-264;  Report   .    .    . 

1885,  p.  12. 

1886. 

325.  Nova  Androme<lae.  Amer.  Joum.  Sci.,  31,  1886,  pp.  299-303. 
Noticed  in  Nature,  33,  1885-86,  p.  367. 

326.  Four  jwints  are  taken  at  random  on  the  surface  of  a  sphere.  What 
is  the  probability  that  all  of  the  points  do  not  lie  in  the  same  hemisphere  ? 
(Exercise  74,  with  solution.)    Ann.  Math.,  2,  1885-86,  pp.  72,  133. 

327.  Figure  of  the  earth  and  the  motion  of  the  moon.  Ann.  Math.,  2, 
1885-86,  pp.  111-112. 

328.  **  Find  the  thinnest  frustum  that  can  be  cut  from  a  given  right  cir- 
cular cone  by  a  plane  parallel  to  the  base,  subject  to  the  condition  that  it 
may  be  laid  on  its  slant  surface  on  a  horizontal  plane  without  toppling 
over."     (Exercise  84,  solved.)     Ann.  Math.,  2,  1885-86,  p.  136. 

329.  If  m  he  a  positive  integer,  sin  (m  —  1)  4»  —  a:  sin  m  <p  -\-  x*^  sin  ^ 
will  contain  1  —  2x  cob  <f>  +  x*.  (Exercise  106,  with  solution.)  Ann. 
Math.,  2,  1885-86,  p.  144;  3,  1887,  p.  62. 

330.  Observations  .  .  .  [Satellites  of  Saturn  and  of  Mars,  compan- 
ion of  Sirius  ]     Astron.  Soc.  Month.  Not,  46,  1885-86,  pp.  453-455. 

331.  I^  latitude  varie-t-elle  ?    U  Astronomic,  5,  1886,  pp.  370-375. 
a32.  Observations  of  comets    .    .     .     [Observers :  A.  Hall,  E.  Frisby, 

and  W.  C.  Winlock.  Professor  Hall  observed  Comet  II,  1885.]  Astr. 
Nachr.,  113, 1885-86,  col.  257-260,  with  some  of  the  observations  by  MeBsrs. 
Prisby  and  Winlock  omitted  in  Sidereal  Messenger,  5,  1886,  p.  19. 

333.  Nebula?  in  the  Pleiades.     Astr.  Nachr.,  114,  1886,  col.  167-168. 

334.  Observations  .  .  .  [Hyperion  and  Polyhymnia.]  Astr.  Nachr., 
115.  1886,  col.  75-78. 

335.  Comparison  of  the  observations  of  the  five  inner  satellites  of  Saturn, 
made  at  Toulouse  in  1876  and  1877.  Astr.  Nachr..  115,  1886,  col.  97-104. 
Noticed  in  Nature,  .34,  1886,  p.  490. 

336.  A  cerca  della  nueva  estrella  de  Orion.  Cronica  Cientffica,  Barce- 
lona, 9,  1886,  pp.  80-81. 

337.  Proposed  change  in  the  astronomical  day.    Obwrvatory,  Ix)ndon, 

9,  1886,  p.  161. 
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338.  Science  and  Lord  Bacon.    Science,  7,  1886,  p.  143. 

:^9.  Reports  of  the  National  Academy  of  Sciences.  [*'  Generally  a  re- 
port is  not  submitted  to  the  Academy  for  discussion,  and  it  must  be 
understood  to  represent  only  the  opinion  of  the  committee  who  sign  the 
report."]    Science,  7,  1886,  p.  286. 

:U0.  World  time.    Science,  7,  1886,  p.  373. 

Ml.  Cremona's  Projective  geometry.    Science,  8,  1886,  p.  631. 

342.  Images  of  the  stars.    Sidereal  Messenger,  5,  1886,  pp.  97-100. 

343.  Six  inner  satellites  of  Saturn.  (Washington  Observations  for  1883, 
Appendix  I. )  Washington,  1886.  74  pp.,  28J  cm.  Reviewed  by  A.  Marth 
in  Astron.  Soc.  Month.  Not ,  47, 1886-87,  pp.  177-178 ;  Nature,  35, 1886-87, 
pp.  257-258. 

344.  Observations  for  stellar  parallax.  (Washington  Observations  for 
1883,  Appendix  II.)  Washington,  1886.  67  pp.,  29}  cm.  Reviewed  in 
Astron.  Soc.  Month.  Not.,  47,  1886-87,  pp.  183-184;  Nature,  35,  1886-87, 
p.  258. 

345.  Reports  of  the  Home  Secretary,  1886-1896.  [Mostly  oral  and  re- 
lating to  the  printing  of  the  publications  of  which  he  was  ex  officio  one  of 
the  editors.]  Washington,  Proc.  Nation.  Acad.,  1,  1863-94,  pp.  270,  284, 
21)5,  314-315,  :«3,  346,  362,  379,  389-390;  Report  .  .  .  1886,  p.  7; 
1887,  p.  7;  18S8,  p.  7;  1889,  p.  7;  1890,  p.  6;  1891,  p.  6;  1892,  pp.  11- 
12;  1893,  p.  9  ;  1894,  p.  7  ;  1895,  p.  14;  1896,  p.  7. 

1887. 

346.  Special  case  of  the  Laplace  coefficients  6«^'>.  Ann.  Math.,  3,  1887, 
pp.  1-11. 

347.  **  Find  the  value  of  I  Qdx  where  Q=  cos  (oj  .r  -f  6, )  cos  (a,  x  +  6,) 

.     .     .     cos  {anX-\-bn)j  ai,  a„     .     .     .     an  and  6|,  6„     .     .     .     bn  Ixiing 
constants."     (Exercise  116,  selected.)     Ann.  Math.,  3,  1887,  pp.  32,  118. 

348.  **  Find  an  expression  for  the  area  of  a  quadrilateral  inscribed  in  an 
ellipse  in  terms  of  the  eccentric  anomalies  of  its  vertices  and  the  axes  of 
the  curve."     (Exercise  123,  solved.)    Ann.  Math.,  3,  1887,  pp.  122-123. 

349.  If  r  and  r^  be  radii  vectores  in  a  parabola,  and  if  2/  the  diflference 
of  the  true  anomalies,  the  area  of  the  parabolic  sector  between  the  radii 
is  J  \/(rr^)  sin/  .  [r -f  ^  +  /(rr')  cos/].  (Exercise  152,  with  solu- 
tion.)    Ann.  Math.,  3,  1887,  pp.  160,  188. 

350.  *'Find  the  condition  that  the  chords  AB,  CD  in  an  ellipse  should 
meet  the  transverse  axis  in  points  equidistant  from  the  center,  the  points 
A,  B,  C,  D  being  given  by  their  eccentric  anomalies  a,  /3,  7,  d."  (Exer- 
cise 146,  solved.)    Ann.  Math.,  3,  1887,  p.  187. 

351.  Note  on  Mr.  Stock  well's  **  Analytical  determination  of  the  inequcUities 
in  the  motion  of  the  moon,  arising  from  the  oblatenesa  of  the  earth.' ^  Astron. 
Joum.,  7,  1886-88,  p.  41. 

352.  Relative  positions  of  63  small  stars  in  the  Pleiades.  Astron.  Joum. , 
7,  1886-88,  pp.  73-78. 
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;«3.  Parallax  of  a  Tauri.  Astron.  Joum.,  7,  1886-88,  pp.  8d-91.  Brief 
notices  in  Washington,  Phil.  Soc.  Bull.,  10,  1887,  p.  91 ;  Smithson.  Miac. 
Coll.,  33,  1888,  Art.  4,  p.  91.     Results  in  Nature,  36,  1887,  p.  138. 

354.  Ob8er\'ation8  of  the  companion  of  Sirius.  Astron.  Joum.,  7,  1886- 
88,  p.  99.     Mean  results  in  Nature,  36,  1887,  p.  186. 

35o.  Nomenclature  of  double  stars.     Astron.  Joum.,  7,  1886-88,  p.  120. 

356.  Perseids,  1887.    Astron.  Joum.,  7,  1886-88,  p.  126. 

357.  Note  on  the  orbits  of  satellites.  Brit.  Assoc.  Rep.,  ^6,  1886,  pp. 
542-543. 

358.  Power  of  a  voter.  [With  table  showing  the  relative  power  in  each 
Htate  of  the  Union.]    Science,  9,  1887,  p.  364. 

359.  Applied  optics.  [Note  in  approval  of  R.  S.  Heath's  book  and  call- 
ing attention  to  the  omission  of  Biot's  writings  from  the  bibliography  con- 
tained therein.]    Science,  10,  1887,  p.  108. 

360.  *Act  of  God  *  and  the  railway  company.  [A  query  to  Mr.  Apple- 
ton  Morgan.]    Science,  10,  1887,  p.  264. 

361 .  Rejection  of  discordant  observations.  Sidereal  Messenger,  6, 1887, 
pp.  297-301 ;  Observatory,  London,  10,  1887,  pp.  414-417. 

362.  Observations  with  the  26-inch  equatorial,  1883.  [Observers:  A. 
Hall,  E.  Frisby,  and  A.  Hall,  Jr.  Professor  Hall  observed  the  satellite  of 
Neptune,  Oberon,  Titania,  lapetus.  Titan,  Hyperion,  Rhea,  conjunctions 
of  the  satellites  of  Saturn,  double  stars.  ]  Results  of  observations  with  the 
2<>-inch  equatorial,  1883.     Washington  Obs'ns,  ISaS,  pp.  119-142. 

3(>3.  [Remarks  on  the  motion  of  Hyperion.]  Washington,  Phil.  Soi*. 
Bull.,  10,  1887,  p.  91;  Smithson.  Misc.  Ck)ll.,  33,  1888,  Art.  4,  p.  91. 

364.  Euler's  Theorem,  generally  called  Lambert's.  Al>stract.  Wash- 
ington, Phil.  Soc.  Bull.,  10,  1887,  pp.  101-102;  Smithson.  Misc.  Coll.,  33, 
1888,  Art.  4,  pp.  101-102. 

1888. 

365.  On  the  supposed  canals  on  the  surface  of  the  planet  Mars.  [Title 
only.]    Amer.  Assoc.  Proc.,  37,  1888,  p.  64. 

366.  P  and  (i  are  middle  points  of  the  opposite  edges  of  a  tetraedron.  A 
plane  through  PQ  intersects  two  other  opposite  edges  in  M  and  N.  Show 
that  MN  is  bisected  by  PQ.  (Exercise  ^7,  with  solution. )  Ann.  Math., 
4,  1888,  pp.  63,  135. 

367.  Motion  of  Hyperion.    Astron.  Joum.,  7,  1886-88,  pp.  164-165. 
3<i8.  Occultations  of  stars  by  the  moon  during  the  lunar  eclipse  of  1888, 

January  28    .    .    .     [Observed  by  A.  Hall,  E.  Frisby,  and  H.  M.  Paul.] 
Astron.  Joum.,  7,  1886-88,  p.  176. 

369.  Constant  of  aberration.  Astron.  Joum.,  8,  1888-89,  pp.  1-5,  9-13. 
Title  only,  in  Washington,  Proc.  Nation.  Acad.,  1,  1863-94,  p.  292;  Re- 
port   .     .    .     1887,  p.  11. 

370.  [Observation  of  the  satellite  of  Neptune,  made  November  19, 1883, 
with  the  23-inch  equatorial,  Halsted  Observatory,  Princeton,  N.  J.] 
Astron.  Journ.,  8,  1888-89,  p.  14. 
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371.  Extension  of  the  law  of  gravitation  to  stellar  systems.  Astron. 
Journ.,  8,  1888-89,  pp.  65-68.     Abstract  in  Nature,  :^,  1888,  p.  398. 

372.  Satellite  of  Neptune.     Astron.  Journ.,  8,  1888-89,  p.  78. 

373.  Appearance  of  Mars,  June,  1888.     Astron.  Journ.,  8, 1888-89,  p.  79. 

374.  Observations  of  Hyperion.  [1886-88.]  Astron.  Journ.,  8, 1888-89, 
pp.  95-96. 

375.  Observations  on  Mars.  [Observations  of  the  satellites,  March- 
May,  1888.]     Astron.  Journ.,  8, 1888-89,  p.  98. 

376.  Problem  of  alignment.    Astron.  Journ.,  8,  1888-89,  pp.  143, 147. 

377.  Conspiracy  of  silence.  [Comments  on  the  Duke  of  Argyll's  charge 
of  a  conspiracy  among  scientific  men,  by  means  of  which  new  truths  are 
ignored.]    Science,  11,  1888,  p.  37. 

378.  What  is  force?  Washington,  Phil.  Soc.  Bull.,  11,  1888-91,  pp. 
58:^-587. 

379.  Problem-solving.  Washington,  Phil.  Soc  Bull.,  11,  1888-91,  pp. 
598-600. 

380.  On  a  method  of  deducing  the  right  ascension  and  declination  of  an 
object  observed  to  be  at  the  intersection  ot  the  diagonals  of  a  quadrilateral 
of  the  celestial  sphere,  from  the  right  ascensions  and  declinations  of  the 
four  vertices  of  the  quadrilateral.  [Title  only.]  Washington,  Phil.  Soc. 
Bull.,  11,  1888-91,  p.  601. 

381.  [Report  of  the  Committee  on  the]  Presentation  of  the  first  J.  Law- 
rence Smith  medal  [to  Prof.  Hubert  A.  Newton  in  recognition  of  his 
eminent  services  in  the  investigation  of  the  orbits  of  meteors.  Signed  by 
Wolcott  Gibbs  and  others,  including  A.  Hall.]  Washington,  Proc.  Nation. 
Acad.,  1,  1863-94,  pp.  308-310  ;  Report    .     .     .     1888,  pp.  14-16. 

382.  Note  on  the  satellite  of  Neptune.  [Title  only.  ]  Washington,  Proc. 
Nation.  Acad.,  1,  1863-94,  p.  312;  Report    .     .     .     1888,  p.  20. 

1889. 

383.  Note  on  symbols.    Ann.  Math.,  5,  1889-90,  p.  19. 

384.  **  A  homogeneous  sphere  rests  on  another  such  sphere  of  equal  mass, 
which  rests  on  a  table.  Everything  being  smooth  and  the  system  being 
slightly  shaken,  show  that  the  spheres  will  separate  when  the  upper  one 
is  turned  through  the  angle  cos—  i  (/3  —  1).''  (Exercise  250,  solved.) 
Ann.  Math.,  5,  1889-90,  p.  31. 

385.  Show  that  the  attraction  of  a  finite  mass  on  one  of  its  points  is  finite. 
(Exercise  276,  with  solution.)    Ann.  Math.,  5,  1889-91,  pp.  68,  216. 

886.  White  spot  on  the  ring  of  Saturn.  Astron.  Journ.,  9,  1889-90, 
p.  23. 

387.  Position  of  the  Washington  26-inch  refractor,  1876-1889.  Astron. 
Journ.,  9,  1889-90,  p.  32. 

388.  Deduction  of  planetary  maases  from  the  motions  of  comets.  Astron. 
Journ.,  9,  1889-90,  p.  47. 

389.  Note  on  the  ring-nebula  in  Lyra.    Astron.  Journ. ,  9, 1889-90,  p.  64. 

390.  Observations  of  70  Ophiuchi    .    .    .    Astron.  Journ.,  9,  1889-90, 

p.  75. 
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391.  Observations  of  the  oocultation  of  Jupiter  by  the  moon,  ]8S9, 
September  3  .  .  .  [Observers:  A.  Hall,  26-inch  equatorial,  power 
383  ;  A.  N.  Skinner,  9.6-inch  equatorial,  power  132.]  Astron.  Joum., 
9,  1889-90,  p.  80. 

392.  Resisting  medium  in  space.  Sidereal  Messenger,  8, 1889,  pp.  433- 
442. 

393.  Observations  with  the  26-inch  equatorial,  1884.  [Satellite  of 
Neptune,  Oberon,  Titania,  Titan,  Hyperion,  Deimos,  conjunctions  of  the 
satellites  of  Saturn,  and  double  stars ;  by  A.  Hall.]  Results  of  observa- 
tions with  the  26-inch  equatorial,  1884.  [To  which  is  added.  Results  of 
observations  of  the  companion  of  Sirius,  1880-84  ;  observed  by  A.  Hall, 
K.  S.  Holden,  and  E.  Frisby.]     Washington  Obs'ns,  1884,  pp.  181-2ia 

394.  Saturn  and  its  ring,  1875-1889.  (Washington  Observations,  1886, 
Appendix  II.)  Washington,  1889.  3  pi.,  22  pp.,  29  cm.  Reviewed  in 
Astron.  Soc.  Month.  Not,  51,  1890-91,  pp.  250-251 ;  L'Astronomie,  10, 
1891,  pp.  137-138 ;  Nature,  43,  1890-91,  p.  65  ;  Observatory,  London,  14, 
1891,  p.  72. 

395:  On  the  problem  :  Given  a  chord  drawn  at  random  within  a  given 
circle,  what  is  the  probability  that  its  length  will  be  greater  than  the  side 
of  the  inscribed  equilateral  triangle?  [Title  only.]  Washington,  Phil. 
Soc.  Bull,  11,  1888-91,  p.  605. 

396.  Saturn  and  its  rings.  [Title  only.]  Washington,  Proc.  Nation. 
Acad.,  1, 1863-94,  p.  331  ;  Report    .    .    .     1889,  p.  12. 

1890. 

397.  Observations  of  Comet  d,  1889,  Brooks  .  .  .  Astron.  Joum., 
9,  1889-90,  pp.  135,  165-166. 

398.  Thickness  of  Saturn's  ring.     Astron.  Joum.,  10, 1890-91,  pp.  41-42. 

399.  Latitude  of  the  Naval  Observatory.  Astron.  Journ.,  10,  1890-91, 
pp.  57-58. 

400.  Observations  of  Eucharis  (181).  Astron.  Journ.,  10,  1890-91,  pp. 
62-63. 

401.  Observations  of  the  satellites  of  Mars  in  1890  .  .  .  Astron. 
Journ.,  10,  1890-91,  pp.  74-75. 

402.  Observations  of  A*' Herailis.     Astron.  Journ.,  10,  1890-91,  p.  124. 

403.  **At  the  station  A,  the  apparent  angular  elevation  of  a  meteor  B, 
whose  distance  from  the  earth's  surface  is  one-nth  of  the  earth's  radius,  is 
$.  Supposing  the  earth  to  be  a  perfect  sphere,  find  the  exact  distance 
from  A  to  B."  (Mathematical  Question  4193,  solved.)  Educational 
Times,  43,  1890,  p.  340. 

404.  Astronomical  photography.     Knowledge,  13,  1889-90,  p.  117. 

405.  Report  of  the  Board  of  Trustees  of  the  Watson  Fund.  [Recom- 
mending that  a  Watson  medal  be  awarded  to  Dr.  Arthur  Auwers,  of  Berlin, 
for  his  contributions  to  stellar  astronomy.  Signed  by  Simon  Newcomb, 
B.  A.  Grould,  and  Asaph  Hall.]  Washington,  Proc.  Nation.  Acad.,  1, 
1863-94,  pp.  345, 350-355.     Report    .    .    .    1890,  pp.  13-14  ;  1891,  pp.  8-11. 
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1891. 


406.  Find  an  approximate  value  for  the  perturbation  of  a  comet  by  the 
sun,  when  the  comet  is  very  near  a  planet. — See  Watson's  Astronomy ^  p. 
560.     (Exercise  327,  with  solution.)    Ann.  Math.,  6, 1891-92,  pp.  76, 167. 

407.  Parallax  of  a  Tauri.  [Reply  to  a  criticism  by  Mr.  S.  W.  Burn, 
ham.]    Astron.  Journ.,  11,  1891-92,  p.  7. 

408.  Solar  parallax  and  the  mass  of  the  earth.  Astron.  Journ.,  11, 
1891-92,  pp.  20-21. 

409.  Observations  of  Hyperion.    Astron.  Journ.,  11,  1891-92,  p.  36. 

410.  Observations  of  /3  Delphini,  r  Cygni,  and  f  Ursce  Majoris.  Astron. 
Journ.,  11,  1891-92,  p.  54. 

411.  Saturn.  [Letter  in  regard  to  the  difficulty  experienced  in  making 
pictures  of  the  planets.]    Observatory,  London,  14,  1891,  pp.  201-202. 

412.  Spirit  level.    Sidereal  Messenger,  10,  1891,  pp.  187-188. 

413.  Observations  with  the  26-inch  equatorial,  1885.  [Observers:  A. 
Hall,  W.  H.  Allen,  and  A.  Hall,  Jr.  Professor  Hall  observed  lapetus, 
Hyperion,  conjunctions  of  the  satellites  of  Saturn,  and  small  stars  in  the 
Pleiades  ]  Results  of  observations  with  the  26-inch  equatorial,  1885. 
Washmgton  Obe'ns,  1885,  pp.  159-186. 

414.  Observations  with  the  26-inch  equatorial,  1886.  [Observers :  A. 
Hall  and  W.  H.  Allen.  Professor  Hall  observed  lapetus,  Hyperion,  Dei- 
mo6,  conjunctions  of  the  satellites  of  Saturn,  dimensions  of  Saturn's  ring, 
double  stars,  and  small  stars  in  the  Pleiades.  ]  Results  of  observations  with 
the  26-inch  equatorial,  1886.     Washington  Obs'ns,  1886,  pp.  107-141. 

415.  Note  on  i*  Cancri.  [**  Not  published."  Title  only.]  Washington, 
Phil.  Soc.  Bull.,  11,  1888-91,  p.  565. 

1892. 

416.  Orbit  of  lapetus.    Astron.  Journ.,  11,  1891-92,  pp.  97-102. 

417.  Relative  motion  of  61  Cygni.  Astron.  Journ.,  11,  1891-92,  pp.  140- 
141. 

418.  Notes  on  double  stars.  Astron.  Journ.,  12, 1892-93,  pp.  4-6,  33-36 ; 
13,  1893-94,  pp.  113-114,  119-121. 

419.  Occultation  of  Mars,  1892,  July  11.  Astron.  Journ.,  12,  1892-93, 
p.  55. 

420.  Observations  of/  Herculis.    Astron.  Journ.,  12,  1892-93,  p.  79. 

421.  Letter  ...  to  Senator  Hale,  of  Maine,  April  23,  1892.  [On 
Mr.  Morrill's  amendment  to  the  Naval  appropriation  bill,  proposing  a  re- 
organization of  the  Naval  Observatory.]  53d  Cong.,  1st  sess..  Senate 
Misc.  Doc.  No.  206,  p.  2. 

422.  Observations  with  the  26-inch  equatorial,  1887.  [Observers :  A. 
Hall  and  W.  H.  Allen.  Professor  Hall  observed  Hyperion,  Enceladus, 
Tethys,  Dione,  Rhea,  dimensions  of  Saturn's  rings,  companion  of  Sirius, 
double  stars,  and  small  stars  in  the  Pleiades.  ]  Results  of  observations 
with  the  26-inch  equatorial,  1887.     Washington  Obe'ns,  1887,  pp.  83-114. 

423.  26-inch  equatorial  observations,  1888.     [Hyperion,  Titan,  lapetus, 
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Enceladus,  Tethys,  Dione,  Rhea,  dimensions  of  Saturn's  rings,  satellites 
of  Mars,  and  double  stars.]  .  .  .  Results  of  observations,  1888.  Waah- 
ington  Obs'ns,  1888,  pp.  B  45-B  52,  C  21-C  30. 

424.  Observations  of  double  stars  .  .  .  Part  2,  1880-91.  (Wash- 
ington Observations,  1888,  Appendix  I.)  Washington,  1892.  203  pp., 
31  cm. 

425.  Capture  of  comets.  [Title  only.]  Washington,  Phil.  See.  BulL, 
12,  1892-94,  p.  545. 

1893. 

426.  On  Gauss's  method  of  elimination.     Ann.  Math.,  8, 1893-94,  p.  d4. 

427.  Observations  of  Mars,  1892.  Astron.  Journ.,  12,  1892-93,  pp.  185- 
188. 

428.  Note  on  the  masses  of  Mars,  Saturn,  Uranus,  and  Neptune.  Astron. 
Journ.,  13,  1893-94,  pp.  28-29. 

429.  Note  on  the  perturbations  of  Flora  by  Mars  and  the  earth,  and  on 
Brunnow's  Tables.    Astron.  Journ.,  13,  1893-94,  pp.  111-112. 

430.  Observations  with  the  26-inch  equatorial,  1889.  [Hyperion,  Titan, 
lapetus,  conjunctions  of  the  satellites  of  Saturn,  Comet  d  1889,  and  double 
stars.  ]  Results  of  observations  with  the  26-inch  equatorial,  1889.  Wash- 
ington Obs'ns,  1889,  pp.  49-61,  93-103. 

431.  Planet  Mars.  [Title  only.  **Not  written  for  publication."] 
Washington,  Phil.  Soc.  Bull.,  12,  1892-94,  p.  521. 

432.  Double  stars.  [Title  only.]  Washington,  Proc.  Nation.  Acad.,  1, 
1863-94,  p.  385  ;  Report    .     .    .     1893,  p.  17. 

1894. 

433.  Suggestion  in  the  theory  of  Mercury.  Astron.  Journ.,  14, 1894-95, 
pp.  49-51. 

434.  On  a  uniform  system  of  clock-stars.  Astron.  Journ.,  14,  1894-tK, 
p.  66. 

435.  Orbite  of  double  stars.    Astron.  Journ.,  14,  1894-95,  pp.  9^-96. 

436.  Reix)rt  of  the  Trustees  of  the  Watson  Fund  on  the  award  of  the 
Watson  medal  to  Mr.  S.  C.  Chandler  [**  for  his  investigations  relative  to 
variable  stars,  for  his  discovery  of  the  period  of  variation  of  terresMal 
latitudes,  and  for  his  researches  on  the  laws  of  that  variation.*'  Signed 
by  S.  Newcomb,  B.  A.  Gould,  and  A.  Hall.]  Title  only,  in  Washington, 
Proc.  Nation.  Acad.,  1,  1863-94,  p.  393;  Report  .  .  .  1894,  p.  13. 
Printed  in  full  in  Report  for  1895,  pp.  24-29,  and  in  Science,  1,  1895,  ppw 
477-481. 

1895. 

437.  Observations  with  the  26-inch  equatorial,  1890.  [Tethys,  Dione, 
Rhea,  Titan,  Hyperion,  lapetus,  conjunctions  of  Dione,  satellites  of  Mara, 
Comet  d  1889,  Planet  (181),  double  stars]  Results  of  observations  with 
the  26-inch  equatorial,  1890.     Washington  Obe'ns,  1890,  pp.  45-52,  83-91. 
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438.  [Report  of  the  committee  on  the  revision  of  the  rules  of  the 
Academy.  Signed  by  B.  A.  Gould,  J.  S.  Billings,  and  A.  Hall.]  Wash- 
ington, Report  Nation.  Acad.,  1895,  p.  32. 

439.  On  the  asteroids.  [Title  only. ]  Washington,  Report  Nation.  Acad. , 
1895,  p.  32. 

1896. 

440.  General  perturbations  of  Nemausa  of  the  first  order  by  Jupiter. 
Astron.  Joum.,  16,  1895-96,  pp.  129-132. 

441.  Astronomical  Journal  (The) ;  founded  by  B.  A.  Grould.  Edited  by 
Seth  C.  Chandler ;  associate  editors,  Asaph  Hall  and  Lewis  Boss.  Vol. 
17-25,  1896-1908.    Boston,  1897-1908.    9  v.,  30}  cm. 

442.  Note  on  the  convergence  of  the  8ei:ies  in  elliptical  motion.  Astron. 
Joum.,  17,  1896-97,  pp.  53-54. 

443.  Benjamin  Apthorp  Gould.    Pop.  Astron.,  4,  1896-97,  pp.  337-340 

1897. 

444.  Sketch  of  theoretical  astronomy.  Pop.  Astron.,  5,  1897-98,  pp.  9- 
16.    French  translation  in  Ciel  et  Terre,  18,  1897-98,  pp.  223-233. 

1898. 

445.  Ephemeris of  Winnecke's Comet,  a  1898.  Astron.  Joum.,  18, 1897- 
98,  pp.  127,  136. 

446.  Note  on  velocities.  Astron.  Joum.,  18, 1897-98,  pp.  139-140.  Re- 
viewed in  Bui.  Astr.,  Paris,  15,  1898,  pp.  191-192. 

447.  Orbit  of  the  satellite  of  Neptune.  Astron.  Joum. ,  19,  1898-99,  pp. 
65-66. 

448.  The  Benjamin  Apthorp  Gould  Fund.  [Notices  from  the  Directors 
for  the  guidance  of  applicants  for  grants  of  money  in  aid  of  astronomical 
investigation  ;  signed  by  Asaph  Hall,  Seth  C.  Chandler,  and  Lewis  Boss.] 
Astron.  Joum.,  19,  1898-99,  p.  165;  20,  1899-00,  p.  172;  21,  1900-01,  p. 
120 ;  23,  1903,  p.  72. 

449.  Note  on  the  Planet  DQ.    Pop.  Astron.,  6,  1898,  pp.  567-568. 

450.  Report  of  the  Directors  of  the  Benjamin  Apthorp  Gould  Fund, 
1898-1905.  [Asaph  Hall,  Seth  C.  Chandler,  and  Lewis  Boss]  Washing- 
ton, Report  Nation.  Acad.,  1898,  p.  10;  1899,  p.  10;  1900,  p.  10;  1901,  pp. 
13-14 ;  1902,  pp.  10-11  ;  1903,  p.  10 ;  1904,  p.  11 ;  1905,  p.  9. 
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451.  Mars  and  his  moons.    The  Cliimes,  Norfolk,  Conn.,  August  2, 1899. 

452.  Plus  probans  quam  necesse  est.  [The  tail  of  Swift's  Comet,  two 
Vulcans,  Ac]    Pop.  Astron.,  7,  1899,  pp.  13-14. 

453.  Sl^heres  of  activity  of  the  planets.  Pop.  Astron.,  7,  1899,  pp.  180- 
181. 

454.  [Functions  of  a  national  observatory.]    Science,  9,  1899,  p.  468. 

455.  Observations  with  the  26-inch  equatorial  telescope,  1891.  [Ob- 
servers :  Asaph  Hall  and  Asaph  Hall,  Jr.    Professor  Hall  observed  Hy- 
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|)erion,  satellite  of  Neptune,  double  stars,  and  K  Piscium.  Also  Celceno 
and  Electra,  •»*  and  i'*  Bootis  for  value  of  micrometer.]  Results  of  obser- 
vations with  the  26-inch  equatorial  telescope,  1891.    Washington  Obs'iis, 

1891 ,  pp.  19-28,  43-49. 

466.  Observations  with  the  26-inch  equatorial  telescope,  1892.  [Observ- 
ers :  A.  Hall,  A.Hall,  Jr.,  and  E.  Frisby.  Although  retired.  Professor  Hall 
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tions  with  the  26-inch  equatorial  telescope,  1892.    Washington  Obe'n^, 

1892,  pp.  3-18. 

457.  Shadow  of  a  planet.  [Title  only.]  Washington,  Report  Nation. 
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pp.  185-186. 
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Astron.  Journ.,  20,  1899-00,  pp.  191-192. 

460.  The  old  and  new  astronomy.  The  Chimes,  Norfolk,  Conn.,  July 
25,  1900. 

461.  Euler-Lambert  equation  for  parabolic  motion.    Pop.  Astron.,  8, 

1900,  pp.  2-4. 

1901. 

462.  Hansen's  Lunar  tables.    Astron.  Journ.,  21,  1900-01,  p.  100. 

463.  Problem  of  three  bodies.     Astron.  Journ.,  21, 1900-01,  pp.  113-114. 

464.  Note  on  multiplication.     Pop.  Astron.,  9,  1901,  p.  31. 
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1903. 
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pp.  282-284;  Pop.  Sci.  Month.,  62,  1902-03,  pp.  291-299;  Science,  17, 
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480.  Note  on  Pont^coulant's  Lunar  theory.  Astron.  Joum.,  25, 1905-07, 
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BIOGRAPHICAL  MEMOIR  OF  ALPHEUS  HYATT.* 


Alpheus  Hyatt  was  bom  in  Washington,  D.  C,  on  the  5th 
of  April,  1838,  and  he  died  in  Cambridge,  Massachusetts,  on 
the  15th  of  January,  1902,  in  his  sixty-fourth  year.  His  death 
was  sudden,  taking  place  while  he  w^as  on  his  way  to  a  meeting 
of  the  Boston  Society  of  Natural  History,  of  which  he  had  been 
for  thirtv-two  vears  an  officer. 

While  he  was  bom  in  Washington,  Baltimore  was  the  home  of 
liis  childhood.  It  was  then  and  is  still  the  residence  of  other 
membera  of  the  family.  His  father's  home,  an  estate  known  as 
Wansbeck,  was  then  outside  the  city,  but  it  is  now  the  Child's 
Nursery  and  Hospital  of  Baltimore,  on  the  comer  of  Franklin 
and  Shroeder  streets. 

When  eight  yeare  old  he  was  sent  away  to  school,  spending 
only  his  vacations  at  home.  He  soon  entered  the  Maryland  Mili- 
tary Academy,  remaining  there  until,  at  the  age  of  eighteen,  he 
entered  the  class  of  1860  at  Yale.  At  the  end  of  his  fii-st  year 
he  was  called  home  to  accompany  his  invalid  mother  abroad. 
While  at  Rcmie,  on  this  journey,  strong  influence  was  brought  to 
bear  by  his  Roman  Catholic  mother  and  her  spiritual  advisers 
to  induce  him  to  devote  himself  to  an  ecclesiastical  life;  but  his 
mind  was  fixed  upon  a  scientific  career,  and  at  the  end  of  the 
vear  abroad  he  entered  the  Lawrence  Scientific  School  of  Har- 
vard  University  to  study  engineering.  He  soon  fell  under  the 
influence  of  Agassiz,  whose  enthusiastic  inspiraticm  and  illus- 
trious example,  together  with  the  encouragement  of  the  devoted 
young  men  whom  he  had  drawn  about  him  and  the  attraction  of 
the  museums  of  Cambridge  and  Boston,  socm  stimulated  the 
zeal  of  Hyatt  for  ])iire  science,  and  he  abandoned  the  study  of 


♦  The  preparation  of  this  sketch  of  tlie  life  of  Alpheus  Hyatt  has 
been  a  labor  of  love,  but  I  regret  that  it  has  fallen  to  me,  for  I  did 
not  know  I  was  to  undertake  it  until  the  summer  of  1907,  and  in  the 
meantime,  more  than  five  years  after  his  death,  thrt»e  bloja"aphie8  of 
ITyntt  luivo  lieen  written  and  published  by  three  meml)ers  of  the 
National  Arademy  whose  acMpiaintam-e  witli  him  was  much  older  and 
closer  than  my  own. 
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engineering  to  devote  his  life  to  zoology.  Among  his  yoiing  com- 
panions and  fellow-students  under  Agassiz  were  eight  who  be- 
came eminent  as  investigators  and  teachers  of  zoiilogy  and  were 
in  good  time  elected  to  the  National  Academy,  one  of  them 
iKJComing  its  President.  In  18G0  they  organized  a  zoological 
society,  wiiich  met  for  reporting  the  progress  of  their  work  and 
discussing  the  researches  they  were  carrying  on  and  subjects  of 
general  interest  to  zoologists.  This  society  they  named  after  the 
teacher,  who  attended  the  Jiieetings  and  gave  inspiring  reminis- 
cences of  Humboldt,  Cuvier,  Dollinger,  and  other  eminent  men. 
Hyatt  attended  the  meetings  and  took  an  active  part  in  the  dis- 
cussion, every  new  conception  calling  forth  a  response  from  him 
and  opening  to  him  new  avenues  of  thought.  So  eloquently  did 
Agassiz  set  forth  the  embryological  system  of  von  Baer  that  U 
made  a  profound  and  permanent  impression  upon  Hyatt.  The 
physic^o-philosophical  system  of  Oken  and  the  high  praise  ac- 
corded to  him  by  Agassiz  also  influenced  Hyatt  and  led  him  to 
CH)nsider  his  work  from  points  of  view  induced  by  these  great 
men.  We  are  told  tliat  he  also  learned  by  heart  Agassiz^s  Essay 
on  Classification. 

One  of  his  fellow-students  saw  that,  as  a  young  man,  Hyatt 
was  contemplative,  taking  life  seriously.  Despite  this  sober  atti- 
tude, he  was  brimming  over  with  good  nature,  laughing  heartily 
at  a  joke,  even  when  he  was  the  victim  of  it.  He  was  devoted  to 
his  work  and  was  among  tlie  few  who  found  more  delight  in 
keeping  steadily  at  work  at  their  studies  when  the  college  was 
deserted  in  summer  than  in  taking  a  vacation.  We  are  told  that 
his  concentration  ui)on  liis  work  gave  him  the  appearance  of  an 
absent-minded  man.  His  attention  was  indeed  absent  from  his 
inmiediate  surroundings,  but  it  was  by  no  means  wandering  in 
other  dirt*ctions.  So  absorbed  would  he  become  at  times  that  he 
aj)iK*ared  to  be  in  a  dream,  from  which  he  could  be  aroused  only 
by  a  slap  or  a  shout. 

This  pleasant  student  life  came  to  an  end,  for  the  time,  when 
he  was  graduated  from  the  Scientific  School,  in  1862;  for  he 
believed  it  his  dutv  to  iriv(»  to  his  counlrv,  which  was  then  at 
war,  the  benefit  of  his  military  training,  lie  did  not  hesitate  to 
act  upon  his  conviction,  although  he  knew  he  should  thus 
estrange  himself  froru  those  who  were  nearest  and  dearest  to 

'M4 


ALPHBUS   HYATT. 

him,  for  his  relatives  in  Maryland  sympathized  with  the  South. 
He  gave  eflBcient  aid  in  raising  and  instructing  a  company  in 
Cambridge,  and  he  was  commissioned  a  lieutenant,  although  he 
was  soon  promoted  to  the  rank  of  captain  in  the  47th  Massachu- 
setts regiment.  He  enlisted  a  second  time  at  the  end  of  his  first 
term  of  service,  and  he  was  mustered  out  at  the  end  of  the  war, 
in  1865.  It  was  not  until  nearlv  thirtv  vears  after  that  his  rela- 
tives  became  reconciled  to  their  Union  veteran ;  but  we  who  knew 
him  as  a  man  of  science  will  regard  as  some  compensation  the 
military  bearing  that  contributed  to  the  impressive  dignity  of 
his  presence. 

He  returned  to  Cambridge  in  1865  to  renew  his  researches 
under  the  guidance  of  Agassiz,  devoting  himself  to  the  study  of 
the  fossil  cephalopods.  The  same  year  he  was  made  honorary 
curator  of  the  Museum  of  Comparative  Zoolog}'  and  put  in 
charge  of  the  fossil  cephalopods.  He  continued  to  hold  this 
position  to  the  end  of  his  life.  During  the  thirty-nine  years  that 
remained  to  him  the  study  of  these  fossils  held  the  foremost 
place  in  his  thoughts.  His  first  important  memoir,  which  was 
published  in  1866,  gives  some  of  the  results  of  six  years  of 
interest  in  them.  Another  memoir  on  the  same  subject  followed 
in  the  next  year,  and  others  in  succeeding  years,  the  last  being 
published  in  1001,  only  a  few  months  before  his  death. 

In  1867  he  married  Ardella  Beeby,  of  Xew  York;  and  she, 
with  three  children,  survives  him. 

The  same  year  ho  moved  to  Salem,  Massachusetts,  and,  with 
three  friends  who  had  been  his  fellow-students  at  Cambridge, 
continued  scientific  researches  at  the  Essex  Institute,  of  which 
he  and  his  three  friends  were  made  curators,  and  at  the  Peabody 
Academy,  which  they'  cooperated  in  organizing  in  1869.  They 
also  founded  and  were  the  first  editors  of  and  contributors  to 
the  American  Naturalvit,  the  first  successful  and  permanent 
journal  of  general  zoologv,  as  it  is  still  the  leading  one.  The 
three  friends  who  were  so  closely  associated  with  Hyatt  in  these 
early  imdertakings  remained  his  life-long  friends  and  collabo- 
rators. They  are  our  colleagues,  Prof.  E.  S.  Morse  and  F.  W. 
Putnam,  and  our  late  colleague,  A.  S.  Packard. 

While  at  Salem  in  1869,  Hyatt  was  elected  a  fellow  of  the 

American  Academv  of  Arts  and  Sciences,  of  which  he  was  one 

of  the  vice-presidents  at  the  time  of  his  death. 
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He  remained  at  Salem  until  1870,  when,  on  May  4,  he  waa 
elected  custodian  of  the  Boston  Society  of  Xatural  History.  By 
yearly  choice  he  remained  the  scientific  head  of  the  society  until 
his  death,  near  the  end  of  his  thirty-second  year  of  service.  An 
officer  of  the  society  who  was  associated  with  him  for  many  years 
speaks  of  his  service  to  it  in  the  following  words: 

"For  the  head  of  a  museum  of  natural  historv.  Professor 
Hyatt  had  many  and  marked  qualifications;  his  knowledge  of 
zoology,  of  paleozoology,  and  of  geology  was  extensive;  he  was 
skillful  in  manipulation,  suggestive  in  council,  enthusiastic,  and 
approachable. 

"His  plan,  that  a  natural  history  museum  should  be  arranged 
so  that  a  \asitor  on  entering  should  pass  fmm  the  simpler  groups 
to  those  more  specialized,  and  that  the  specimens  in  each  ease 
should  be  similarly  classified,  though  opposed  as  impracticable, 
is  both  sound  and  feasible.  Somewhat  disposed  in  late  years  to  a 
too  great  use  of  diagrams  and  models  in  place  of  the  actual 
material,  his  recognition  of  the  value  of  these,  of  descriptive 
lal)els,  and  of  a  personal  guide  was  early,  important,  and  helpful. 

"It  is  true  that  the  full  realization  of  much  of  his  best  museum 
work  and  thought  is  left  for  appreciative  successors,  as  Professor 
Hyatt  was  too  apt  to  be  content  with  initiative,  the  results  of 
which  he  clearly  apprehended,  and  did  not  always  give  attention 
to  the  actual  carrying  out  of  details  that  in  many  cases  require 
continuous  interest  through  successive  yeai*s.'* 

In  his  first  year  of  service  at  the  Xatural  History  Society  he 
was  appointed  Professor  of  Zoology  and  Paleontology  at  the 
Institute  of  Technology — a  position  which  he  filled  for  eighteen 
years.  In  the  same  year  he  organized  the  Teachers'  School  of 
Science,  which  during  the  thirty  years  that  he  continued  to 
direct  the  work  gave  practical  instruction  in  science  to  more 
than  twelve  hundred  teachei-s,  who  diffused  and  are  still  diJffus- 
ing  among  the  young  the  inspiration  of  Hyatt's  example  and 
that  of  Agassiz,  his  own  teacher.  In  good  time  and  after  long 
stniggles  against  opposition  and  lack  of  means  the  school  be- 
came ])ermanently  established  upon  a  sound  educational  basis, 
with  adequate  financial  support  and  with  an  efficient  staff  of 
assistiints  and  colleagues,  who  weiv  able  and  willing  to  conduct 
exercises  in  the  laboratory  and  excursions  in  the  field  with  big 
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classes  of  critical  teachers.  While  the  inception  of  this  under- 
taking was  a  sign  of  the  times  and  part  of  an  educational  reform 
that  was  in  progress  in  many  lands,  its  influence  for  good  and 
its  long  career  of  usefulness  should  place  the  name  of  Hyatt 
with  those  of  Agassiz  and  Huxley  as  teachers  of  the  aims  and 
methods  of  science  and  their  importance  in  general  elementary 
education.  In  1882  the  school  was  opened  to  all  teachers  in  the 
State.  As  the  general  audience  gradually  decreased,  it  became 
clear  that  it  had  accomplished  its  original  purpose,  and  it  was 
reorganized  into  specific  courses  of  study  extending  over  four 
years,  with  regular  examinations  and  diplomas,  thus  giving  to 
busy  teachers  opportunities  for  a  scientific  education  equal  to 
that  which  is  afforded  by  the  ordinary  colleges  and  scientific 
schools.  Hyatt's  spirit  and  example  have  pervaded  the  whole 
history  of  the  school,  which  has  had  a  notable  and  wholesome 
influence  upon  elementar}'   education. 

Hyatt  also  organized,  as  an  adjunct  to  the  school,  and  took 
personal  charge  of,  the  seaside  laboratory  at  Annisquam,  Massa- 
chusetts, which  was  established  under  the  auspices  of  the 
Woman's  Educational  Association  of  Boston.  When  this  ex- 
ample led  to  the  establishment  of  an  educational  laboratory  at 
Woods  Holl,  he  was  elected  the  first  president  of  its  board  of 
trustees. 

The  year  1875,  in  which  he  was  elec^ted  to  the  National 
Academy  of  Sciences,  he  spent  abroad  for  the  purpose  of  studying 
in  the  museums  of  Europe  the  collections  of  shells  of  Planorbis 
from  the  quarries  at  Steinheim,  near  Stuttgart,  as  he  wished  to 
learn  how  far  these  fresh-water  mollusks,  which  are  confined  to  a 
limited  area  and  restricted  to  a  short  period  of  time,  confirm  the 
conclusions  as  to  the  origin  of  species  which  he  had  reached 
through  the  study  of  the  Jurassic  ammonites,  which  cover  an 
immeasurable  period  of  time.  Not  content  with  studying  the 
collections  of  these  shells  that  he  found  in  museums  at  home  and 
abroad,  he  visited  Steinheim  and  spent  five  weeks  in  excavating 
the  quarries  himself,  making  new  and  extensive  collections  of 
the  shells,  which  supplied  the  material  for  a  memoir  on  the 
subject,  which  he  published  in  1880. 

In  1877  he  was  made  Professor  of  Biology  in  the  College  of 

Tjiberal  Arts  in  Boston  University.    He  organized  the  courses  of 
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instruction,  secured  able  assistants,  and  continued  to  supervise 
and  direct  the  work  until  his  death,  after  twenty-five  years  of 
service. 

In  1883  he  took  a  prominent  part  in  organizing  the  American 
Society  of  Naturalists.  He  was  chosen  its  first  president,  and 
was  afterwards  made  an  honorary  member  in  recognition  of  his 
s(»rvices. 

In  1888  he  was  offered  the  position  of  United  States  Commis- 
sioner of  Fish  and  Fisheries,  but  he  declined  it. 

In  1889  and  years  following  he  was  in  charge,  as  paleontologist 
of  the  United  States  Geological  Survey,  of  the  Ix)wer  Mesozoic 
of  Texas  and  California,  lie  also  carried  on  from  time  to  time 
researches  in  paleontolog}'  in  Labrador,  Newfoundland,  Canada* 
Xcw  England,  and  New  York,  and  zoological  explorations  of 
the  waters  of  the  coast  from  Labrador  to  Connecticut. 

In  1895  he  was  elected  to  the  American  Philosophical  Society, 
and  in  1897  he  was  made  a  corresponding  member  of  the  Geo- 
logical Society  of  Ix)ndon. 

In  1898  Brown  University  conferred  upon  him  the  degree  of 
Doctor  of  Laws. 

The  last  years  of  Hyatt's  life  were  almost  completely  devoted 
to  the  study  of  the  relation  between  the  geographical  distribu- 
tion of  the  Achatinellidae  of  the  Hawaiian  Islands  and  the  end- 
less variety  of  color-patterns  presented  by  these  mollusks,  as  he 
believed  that  this  study  would  throw  important  light  upon  the 
general  problem  of  the  origin  of  species.  He  obtained  great 
numbers  of  the  shells  of  these  mollusks,  and,  making  a  plaster 
model  of  Oahu,  with  each  mountain  range  and  valley  in  relief, 
and  representing  the  probable  lines  of  migration  by  colored 
threads,  he  devoted  several  years  to  the  task  of  tracing  out  the 
origin  of  new  color-patterns.  At  the  time  of  his  death,  in 
January,  1902,  he  had  perfected  his  plans  for  a  visit  to  the 
islands  in  the  following  March  for  the  purpose  of  studying  the 
subject  in  the  field. 

The  titles  of  some  of  his  more  important  memoirs  are  these : 
()bser\ations  on  Polyzoa  (186t)-()8)  ;  On  the  Parallelism  l)etween 
the  Different  Stages  of  the  Life  of  the  Individual  and  those  of 
the  Entire  Group  of  the  Molluscous  Order  Tctribranchiata 
(18<)T):    Fossil   Cephalopods  of  the   Museum   of   Comparative 
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Zoology;  Embryology  (1867) ;  Revision  of  the  North  American 
Porifera  (1875-77) ;  The  Genesis  of  the  Tertiary  Species  of 
Planorbis  at  Steinheim  (1880);  Genera  of  Fossil  Cephalopods 
(1883-84);  Larval  Theory  of  the  Origin  of  Cellular  Tissue 
(1884-85) ;  Genesis  of  the  Arietidae  (1889) ;  Bioplastolog}'  and 
the  Related  Branches  of  Biological  Research  (1893) ;  Phylogeny 
of  an  Acquired  Character  (1894)  ;  Cephalopoda  (1900). 

Most  of  the  memoirs  are  beautifully  illustrated  by  the  author, 
whose  artistic  and  accurate  pencil  adds  greatly  to  their  value. 

Hyatt's  researches  on  the  Polyzoa  of  fresh  water,  on  the 
sponges  of  North  America,  and  upon  the  Mollusca  of  fresh 
water  and  of  the  land  are  worthy  of  notice,  but  his  most  im- 
portant works  are  those  that  treat  of  the  fossil  cephalopods. 
These  organisms  held  the  foremost  place  in  his  mind  throughout 
the  whole  period  of  his  scientific  activity,  and  they  afforded  the 
material  for  most  of  his  published  memoirs.  These  memoirs 
won  for  him  distinction  among  zoologists  and  paleontologists, 
and  upon  them  his  fame  must  rest.  It  is  estimated  that  there 
are  some  twenty-five  hundred  species  of  Xautiloids  and  some 
five  thousand  species  of  Ammonoids,  and  Hyatt  became  familiar 
with  most  of  those  that  are  contained  in  the  museums  of  Europe 
and  North  America.  He  discarded  much  of  the  established 
classification  and  established  many  new  genera,  which  were 
more  accuratdy  defined  than  had  been  customary.  This  reforma- 
tion excited  opposition,  but  he  lived  to  see  it  prevail.  The  brill- 
iant work  of  a  younger  generation  of  paleontologists  who  ac- 
knowledge him  as  one  of  their  great  masters  and  leaders  is  the 
best  proof  of  his  success. 

If  this  catalogue  of  his  works  conveys  the  impression  that 

they  lack  unity,  and  that  they  were  not  inspired  by  any  broad 

central  principle,  I  regret  this  exceedingly.    Few  naturalists  who 

have  carried  on  researches  in  many  fields  for  many  years  have 

been  actuated,  as  Hyatt  was  from  beginning  to  end,  by  a  single 

motive,  which  has  inspired  and  directed  all  they  have  undertaken 

and  has  never  been  absent  from  their  minds  for  an  instant  of 

their  working  hours.     Hyatt  was  accustomed  to  speak  of  his 

own  guiding  motive  as  the  "old-age  theor}-."    Xo  account  of  his 

life  is  complete  without  a  statement  regarding  this  doctrine, 

which  exercised  a  great  influence  over  all  his  work;  yet  I  must 

admit  that  I  do  not  understand  it. 
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A  life-long  friend,  wlio  was  his  fellow-student  in  the  early 
(lays  at  Canihridge,  gives  this  account  of  its  inception:  "I  have 
always  believed/'  he  savs,  '*that  Hvatt's  studies  of  the  features 
attending  old  age,  and  ultimately  his  theor}'  of  acceleration  and 
retardation,  received  its  first  impulse  from  a  graphic  lecture 
given  by  Agassiz  on  th(»  ammonites  of  the  Jura. 

"In  the  upper  beds  of  the  Jura,  as  is  well  known,  the  ammon- 
ites assume  bizarre  forms,  the  whorls  becoming  uncoiled,  free,  and 
variously  turned.  In  this  lecture  Agassiz,  by  way  of  metaphor, 
compared  the  appearance  of  these  ammonites  to  the  contortions 
and  death-struggles  pre(*e(ling  the  extinction  of  the  group.  In 
referring  to  these  curious  forms,  ^It  is,'  said  he,  'as  if  the  con- 
tortions of  death  were  an  idea  on  which  the  forms  of  life  were 
built.' " 

As  is  well  known,  Agassiz  regarded  a  species  as  an  idea  in  the 
creative  mind,  independent  of  and  superior  to  its  manifestation 
in  material  beings.  The  conception  of  the  mutability  of  species 
was  demanding  the  consideration  of  thoughtful  men  at  this 
time,  and  the  publication  of  Darwin's  Origin  of  Species  was 
almost  simultaneous  with  the  publication  of  Agassiz's  Essay  on 
Classification,  which  we  are  told  that  Hvatt  learned  by  heart. 

Hyatt  was  influenced,  as  were  his  companions,  by  the  new 
view,  and  he  seems  to  have  sought  a  compromise  in  the  coneep- 
ti(m  that,  while  s])ecies  change,  a  long  series  of  species  has  a  life 
cycle  like  that  of  an  individual  organism,  passing  from  the 
infancy  of  its  first  appearance  through  childhood  and  adolescence 
to  perfect  manhood,  to  lapse  into  senility,  ending  in  death  or 
the  end  of  the  long  series  of  species,  which  is  no  longer  repre- 
sented bv  fossils  in  later  formations. 

Hyatt  believed  that  we  have  in  the  old-age  theory  an  explana- 
tion of  the  way  in  which  spetdes  arise  and  pass  away — an  account 
of  the  origin  of  species. 

In  the  case  of  the  anunonites  the  well-known  facts  are  these : 

The  earliest  forms  are  unornamented  and  their  septa  are  simple. 

They  are  followed  in  geological  succession  by   forms  that  are 

ornamented  with  spines  and  tubercles,  with  their  septa  folded 

and  frilled  in  a  way  that  gives  to  us  a   keen  sense  of  their 

elegance  and  grace.    In  still  more  recent  forms  all  these  graceful 

and  elegant   features  reach  their  highest   perfection.     In  still 
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later  forms  the  spines  and  tubercles  and  ornaments  gradually 
disappear,  the  frills  and  folds  in  the  septa  become  reduced,  and 
there  is  a  return  to  the  primitive  simplicity  of  the  group,  to- 
gether with  loss  of  symmetry  and  the  appearance  of  abnormality 
and  distortion. 

Hyatt  interpreted  this  remarkable  history  as  a  life  cycle,  con- 
sisting of  infancy,  childhood,  manhood,  and  old  age,  ending  in 
death  or  the  extermination  of  the  group  of  ammonites.  It  was 
in  no  figurative  way  that  Hyatt  illustrated  the  history  of  the 
ammonites  by  the  life  of  an  individual  organism.  He  regarded 
it  as  an  illustration  of  the  great  law  according  to  w^hich  new 
species  of  living  beings  come  into  existence.  As  modern  views 
of  organic  evolution  prevailed,  Hyatt  made  many  modifications 
of  the  old-age  theory  in  order  to  bring  it  into  harmony  with  the 
progress  of  knowledge.  I  have  studied  his  more  recent  writings 
upon  the  subject  with  all  the  diligence  that  my  great  respwt 
and  admiration  for  him  demanded,  T  have  listened  attentively 
when  he  has  discussed  his  views  in  public,  and  1  have  had  many 
private  talks  with  him  about  them,  but  I  do  not  understand 
them. 

As  a  man,  Hyatt  waa  dignified,  courteous,  kindly,  and  ap- 
proachable, making  no  distinction  of  persons.  He  retained  to 
the  end  the  love  and  admiration  of  the  companions  of  his  student 
days.  His  patience  and  persistency  in  overcoming  opposition 
and  in  scientific  research  were  as  great  as  they  well  could  be. 
He  met  adverse  criticism  with  unruffled  calnmess  and  good 
.nature.  Incivilitv  and  discourtesv  he  met  with  astonishment, 
l)ut  without  rancor.  He  gave  just  cause  of  offense  to  no  one. 
Xaturally  gentle,  he  yet  stood  firmly  for  justice  and  right,  in 
peace  as  well  as  in  war,  and  he  was  always  ready  to  do  ])attle 
in  a  righteous  cause  when  friendship  called  for  action. 
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BIOGRAPHICAL  MEMOIR  OF  JOSEPH  LOVERING.* 


Prof.  Joseph  Loveuing  was  bom  at  Charlestown,  Massachu- 
setts, December  25,  1813,  and  received  his  early  education  in  the 
public  schools  of  that  place.  His  father,  a  subordinate  town 
ofRcer,  was  a  member  of  the  Unitarian  church  then  under  the 
pastoral  care  of  the  Rev.  James  Walker,  who  afterward  became 
a  professor  in  Harvard  College,  and  eventually  the  President  of 
Harvard  University.  At  school  young  Lovering  proved  himself 
an  apt  and  diligent  scholar,  and  this  brought  him  under  the 
notice  of  Dr.  Walker,  who  employed  him  as  reader,  and  soon 
saw  in  the  lad  such  unusual  promise  that  he  urged  him  to  fit 
himself  to  enter  college,  and  not  only  aided  the  boy  with  per- 
sonal instruction,  but  advanced  the  money  necessary  to  pay  his 
college  expenses.  In  1830  Lovering  entered  the  sophomore 
class  at  Harvard,  and  was  graduated  in  1833.  In  his  academic 
course  he  soon  distinguished  himself.  Prof.  Andrew  Preston 
Peabody,  who  was  his  instructor  in  astronomy,  said  that  Lover- 
ing was  one  of  tlie  three  or  four  students  on  whom  he  relied  to 
do  credit  to  the  class  in  the  public  oral  examination  held  at  the 
end  of  the  term.  With  a  few  of  his  fellows,  Lovering  studied 
Hebrew  also  with  Dr.  Peabody,  and  made  a  deej)  impression  on 
liis  teacher,  who  afterward  spoke  with  admiration  of  his  dili- 
gence, promptness,  and  accuracy.  Lovering  stood  fourth  in  a 
class  which  furnished  six  professors  to  Harvard  and  four  to 
other  institutions.  At  commencement  he  delivered  the  Latin 
salutatory  oration,  and  three  years  later,  when,  according  to 
(he  fashion  of  the  time,  the  members  of  his  class  were  entitled 
to  receive  the  Master's  degree,  he  gave  tlie  valedictory  oration. 

During  the  first  year  after  graduation  he  taught  a  small  pri- 
vate school  in  Charlestown,  but  in  the  autumn  of  1834  he  en- 
tered the  Divinity  School  at  Cambridge,  with  the  intention  of 
preparing  himself  for  the  ministry.     He  remained  in  the  school 


♦Compiled  from  the  addresses  made  by  Prof.  J.  P.  Cooke,  President 
Eliot,  Rev.  Dr.  A.  P.  Peabody,  and  others  at  the  meeting  of  the 
American  Academy  of  Arts  and  Sciences,  Boston,  held  in  commem- 
oration of  the  life  and  services  of  Professor  Lovering. 
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for  two  years.  During  a  part  of  1834-5  he  assisted  Prof.  Benja- 
min Peircc  in  tlie  instruction  of  the  college  classes  in  mathe- 
matics^ and  in  1835-6  added  to  this  work  the  duties  of  proctor, 
and  much  of  the  time  conducted  both  the  morning  and  the  even- 
ing services  in  the  College  Chapel^  in  place  of  the  regularly  ap- 
pointed clergyman.  In  1836  Lovering  seems  to  have  given  up 
definitely  his  purpose  of  becoming  a  preacher^  and  in  the  autumn 
of  that  year  he  became  tutor  in  mathematics  and  lecturer  in 
natural  philosophy  in  Harvard  College^  taking  the  work  of 
Prof.  John  Farrar,  whose  failing  health  had  led  him  to  resign. 
In  1838  he  finally  succeeded  Professor  Farrar  as  HoUis  Professor 
of  Mathematics  and  Natural  Philosophy. 

The  active  duties  of  this  office  Professor  Lovering  discharged 
without  assistance  for  the  unprecedented  term  of  fifty  years, 
and  on  resigning  in  1888  he  was  appointed  by  the  Corporation 
of  the  University  "Hollis  Professor  Emeritus/'  so  that  he  con- 
tinued liis  connection  with  Harvard  College  until  his  death,  in 
1892,  put  an  end  to  a  service  of  fifty-eight  years. 

Professor  Farrar  had  a  very  high  reputation  for  eloquence, 
and  it  must  have  been  a  severe  ordeal  to  the  young  man  to  at- 
tempt to  till  the  place  of  such  a  brilliant  lecturer  as  Farrar  had 
heon.  Tha  event  showed,  however,  that,  although  he  did  his 
work  in  a  very  difforont  way,  Lovering's  instruction  was  no  less 
eirtrtivo  than  that  of  his  celebrated  and  popular  predecessor. 
From  the  very  first  his  success  was  unmistakable,  and,  in  the 
estimation  of  the  New  England  college  world,  he  soon  came  to 
hohl  a  ])roiiiin('iit  j)lacc  in  the  rank  of  lecturers  on  physics  and 
astroiioinv. 

At  the  hcginnini:  of  LovcTing's  career  as  professor  the  Lyceum 
was  sijll  an  educational  institution,  and  much  of  his  reputation 
was  won  on  tlie  public  platform.  At  dilTerent  times,  beginning 
in  1840,  ho  delivered  nine  eourses  of  twelve  lectures  each  before 
the  Lowell  Institiitr*,  and  these  were  extremely  popular.  He  had 
groat  clearness  of  thought  and  singular  definiteness  and  felicity 
of  expD'Ssion.  He  was  a])l  in  illustration,  and  a  quiet  humor 
often  enlivened  what  would  have  hcon  otherwise  a  dry  demon- 
stration. He  gave  most  careful  attention  to  the  mechanical 
preparation  of  his  lectures,  and  his  experiments  rarely  failed  of 
success.    Besides  his  regular  college  lectures,  during  term  tima 
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always  one  and  usually  two  a  week  for  a  long  period  of  years, 
and  the  lectures  at  the  Lowell  Institute  above  referred  to,  Pro- 
fessor Lovering  gave  shorter  courses  at  the  Smithsonian  Institu- 
tion in  Washington,  the  Peabody  Institute  of  Baltimore,  and 
the  Charitable  Mechanics^  Institution  of  Boston,  and  one  or  more 
lectures  in  many  towns  and  cities  of  New  England. 

Prof.  Josiah  Parsons  Cooke,  who  was  himself  one  of  the  very 
best  popular  lecturers  on  science  of  the  last  generation,  said  after 
Professor  Lovering^s  death : 

"He  was  one  of  the  best  lecturers  I  have  ever  known,  and  I 
have  known  the  greatest  masters  of  my  time.  He  may  not  have 
had  the  imagination  of  Faraday  or  the  grace  of  Dumas,  but  his 
lectures  were  instructive  in  the  highest  degree.  The  chief 
sources  of  his  power  are  not  far  to  seek.  In  the  first  place,  he 
had  the  great  art  of  bringing  his  reasoning  and  his  illustrations 
to  the  intellectual  level  of  his  hearers,  without  belittling  his  sub- 
ject. He  was  a  popular  lecturer  in  the  very  best  sense.  He  did 
not  conmiit  the  common  error  of  seeking  to  gain  attention 
through  trivialities,  or  of  attempting  to  appear  learned  by  using 
technical  terms;  but  he  sought  to  raise  his  audience  from  their 
lower  plane  to  his  level,  and  he  succeeded  to  a  wonderful  extent. 
Again,  he  had  remarkable  clearness  of  statement,  and  he  gained 
this  in  the  only  way  it  can  be  gained,  by  seeking  definiteness  of 
conception.  He  did  not  trust  to  the  inspiration  of  the  moment 
to  make  a  difficulty,  however  familiar  to  him,  intelligil)le  to 
others;  but  he  laboriously  studied  every  subject  he  taught  until 
he  had  a  firm  grasp  of  all  the  concepts,  and  then  the  stream  was 
clfear  because  the  spring  was  clear.  Lastly,  Mr.  Lovering  had, 
to  a  greater  degree  than  I  have  ever  known,  the  power  of  looking 
at  physical  problems  from  different  sides,  and  seeing  them  in 
all  their  aspects.  This  gave  him  great  fertility  in  illustration, 
and  often  enabled  him  to  present  a  subject  from  a  point  of  view 
wholly  unexpected  even  by  adepts  in  the  science. 

"The  wonderful  clearness  and  elegance  of  exposition  so  con- 
spicuous in  Professor  liovering's  lectures  appeared  also  in  his 
monographs  and  popular  essays  on  scientific  subjects.  These 
are  very  numerous,  and  are  models  of  scientific  style. 

"Besides  their  intrinsic  value  as  the  literary  work  of  a  very 
successful  teacher,  they  are  valuable  material  for  the  history  of 
science.  Professor  Lovering^s  long  career  covers  a  period  of 
wonderful  development  in  all  departments  of  physics,  not  sim- 
ply in  the  discovery  of  new  facts,  but  also  in  the  change  of  aspect 
under  whicli  the  old  facts  are  regarded.  He  was  a  broad  scholar, 
not  only  familiar  with  the  past  history  of  every  branch  of  his 
subject,  but  also  accustomed  to  look  at  facts  from  all  sides." 
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As  might  have  been  expected  from  the  character  and  the  direc- 
tion of  his  scientific  work,  Professor  Lovering  had  marked  ex- 
ecutive ability,  and.  during  the  long  period  when  he  was  Begeut 
of  Harvard  College,  then  tlie  second  executive  officer,  he  was  iu 
tbe  liighest  degree  methodical,  accurate,  and  just.  When  tlie 
Jefferson  Physical  Laboratory  was  opened  in  1884,  Professor 
Covering  carried  to  it  the  very  large  and  valuable  collection  of 
lecture  apparatus  which  he  had  gradually  accumulated  duriTi<^ 
his  long  period  of  service  as  Jfollis  Professor.  He  tcjok  great 
plen.^ure  and  a  just  pride  in  this.  When  he  entered  upon  his 
oflice  there  was  already  in  the  possession  of  liis  department  a 
(•(>nsid(»rable  nuniber  of  philosoplijcal  instruments,  some  of 
which  had  a  real  historical  interest,  but  they  did  not  meet  the 
re([uirciuents  of  a  more  modern  science.  Only  a  small  annual 
a]>proj)riation  could  be  obtained  for  the  expenses  of  his  lectures; 
but  by  carefully  husbanding'  Ihe  resources,  and  doing  all  the 
mechanical  w(»rk  wilh  his  own  hands,  he  was  able  from  time  to 
lime  not  only  to  purchase  ihe  indispc^nsable  articles,  but  also  to 
procure  many  novelties  as  they  ap])eared.  He  judiciously  used 
his  large  knowl(Mlg(»  jind  judgment  in  the  original  selection,  and 
by  constant  watch fTilness  prevented  the  a[)paratus  from  deterio- 
niling,  and  thus  during  hjs  long  term  of  service  he  brought  to- 
irctbcr  one  of  the  mo<t  complete  cabinets  of  physical  apparatus 
in  this  couniry.  \(>t]iing  delight(»d  him  more  than  some  new 
inod(^  of  ilhislrating  a  recondite  ])rinciple  in  a  striking  way,  and 
evcrv  year,  at  the  nuMMinir  of  the  old  Scientific  Club  of  Oam- 
bridge,  be  would  deliglit  his  associates  also  by  bringing  forward 
and  (explaining  sonic  sncli  ])iece  of  a]>paratus,  and  he  rose  to  the 
highest  jM»inf  of  enthusiasm  when  he  made  it  to  appear  that  the 
paradoxes  of  science  were  no  paradox-es  at  all.  but  the  necessary 
un foldings  of  fundamental  laws. 

In  speaking  of  Professor  Covering's  services  to  Harvard  Col- 
lege. President  Eliot  once  said: 

*M*rofessnr  Lovering's  life  see?n^  lo  mr  to  Ik*  belter  character- 
ized bv  the  wnrd  fidrlitv  than  bv  anv  other.  1T(»  was  just  as 
faithful  in  the  least  things  as  in  I  lie  greatest.  Whatever  work 
he  undertook,  he  did  tlioroughly  arul  steadily,  although  it  might 
1h'  uninterestiu^r,  lucrhanical,  or  really  unsuitable  for  ono  of  his 
>tatioii  and  powers. 
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"For  twelve  years,  from  1857  to  18G9,  he  was  Eegent  of  the 
college.  That  officer  kept  the  records  of  absences  and  of  the 
marks  received  hv  the  students  at  their  recitations.  With  his 
own  hand  Professor  TiOvering  entered  the  absences  and  the 
marks  in  the  record  books,  kept  watch  on  the  absences  of  every 
student  in  college,  considered  excuses,  and  reported  delinquents 
to  the  faculty  week  by  week.  The  IJegent  exercised  discretion, 
and  needed  good  judgment;  but  far  the  greater  part  of  his  time 
was  devoted  to  accurate,  patient  clerical  work.  lie  was  in  his 
oflice  three  days  of  the  week  for  two  hours  each  day,  and  his 
compensation  was  five  hundred  dollars  a  year.  I  mention  these 
details  because  they  perfectly  illustrate  a  quality  in  Professor 
TiOvering  which  the  men  of  a  younger  generation  may  w^ell  imi- 
tate— a  capacity  for  assiduous  routine  labor.  Every  great  schol- 
arly achievement  is  a(comj)lished  by  just  such  faithful  industry. 
An  inspiration  is  a  momentary  flash;  a  high  purpose  has  an  in- 
stant of  formation;  but  inspiration  and  purpose  have  to  be 
wrought  out  through  years  of  unremitting  labor. 

"[  have  always  admired  in  Professor  Lovering  the  mixture  of 
conservatism  with  openness  of  mind.  His  natural  conservatism 
was  modified  by  a  true  scientific  candor.  Change  for  its  own 
sake  he  never  desired ;  but  he  could  be  convinced  by  experience 
that  a  given  change  was  an  improvement.  He  held  to  the  opin- 
ions ajid  ]>ractices  which  he  had  adopted  before  he  was  forty 
years  old;  but  his  mind  was  also  open  to  new  projects.  Wlien 
the  rapid  expansion  of  Harvard  University  began  in  1866,  just 
aftcr'the  close  of  the  Civil  War,  Professor  Tx>vering  was  already 
fifty-thre(»  years  old  and  had  been  thirty  years  in  the  college  ser- 
vice. When  1  was  elected  President  he  was  fiftv-six — a  time  of 
life  at  which  many  men  become  impatient  of  changes  which 
seriously  aff(»ct  their  own  habits  of  work.  Yet  Professor  Lover- 
ing welcomed  tlu»  project'  of  moving  the  entire  physical  estab- 
lishment from  its  narrow  quarters  in  University  Hall  to  larger 
rooms  in  Harvard  Hall.  He  personally  arranged  the  lower  floor 
of  Harvard  Hall  to  receive  the  Department  of  Physics  and  was 
highly  content  with  the  new  accommodations  of  the  department 
when  the  transfer  was  completed  in  1870.  But  the  department 
grew  apace  and  the  great  gift  of  Mr.  T.  Jefferson  Coolidge  for 
the  construction  of  a  new  physical  laboratory  made  it  possible  to 
))rovide  the  department  with  larger  quarters  still  and  opened  the 
way  to  a  great  increase  both  of  the  teaching  and  of  the  investiga- 
tion which  it  carried  on.  At  the  age  of  seventy-one  Professor 
Lovering  entered  heartily  into  this  large  undertaking,  brought  to 
it  a  flexible  and  fertile  miml.  moved  again  from  Harvard  Hall 
to  the  Jefferson  Physical  Laboratory,  and  was  glad  to  be  ap- 
fxnnted  the  first  director  of  that  ample  establishment.'* 
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Besides  his  uninterrupted  work  for  the  college^  ProfeBSor 
liovcring  discharged  other  executive  duties  in  which  he  exhibited 
l)is  usual  faithfulness  and  good  judgment.  From  1854  to  1873 
lie  was  the  Permanent  Secretary  of  the  American  Association 
for  the  Advancement  of  Science — an  office  which  requires  an 
unusual  amount  of  executive  skilly  besides  tact  and  affability. 
On  the  Permanent  Secretary  devolve  the  arrangements  for  the 
annual  meeting,  the  collection  and  disbursement  of  the  funds, 
and  the  publication  of  the  yearly  volume  of  Proceedings.  It  is 
all  important  that  he  should  commend  the  Association  to  the 
successive  communities  where  it  meets,  and  commend  himself 
to  the  local  committees.  All  this  service  Professor  Ijovering 
rendered  with  great  success,  and  carried  the  society  through  the 
disintegrating  period  of  the  Civil  War,  when  its  continued  life 
seemed  impossible,  and  so  skillfully  managed  its  finances  as  not 
only  to  print  a  volume  of  Proceedings  every  year,  but  also  to 
leave  in  the  treasury  at  the  end  of  his  term  of  office  a  valuable 
stock  of  publications  and  a  goodly  cash  balance.  On  resigning 
this  office,  Mr.  Levering  was  elected  President  of  the  Associa- 
tion, and  served  as  such  at  the  Portland  meeting  of  1873.  Both 
Ills  reception  and  his  retiring  addresses  were  admirable  in 
tliou^ht  as  W(»ll  as  in  spirit,  and  are  excellent  examples  of  the 
hcst  use  of  idealism  in  science. 

In  the  first  of  these  he  said:  "It  is  impossible  for  the  man  of 
scionco  to  serve  two  masters,  the  Kingdom  of  Nature  and  Mam- 
mon. Tt  is  a  dangerous  thin^  for  him  to  1x3  thinking  of  the 
utility  of  his  discoveries,  or  of  the  pecuniary  profit  which  may 
!»('  made  out  of  them."  And  in  the  second  he  adds:  "Science  is 
not  destructive,  but  proprossive;  while  its  theories  change,  the 
facts  remain.  Its  generalizations  are  widening  and  deepening 
from  age  to  age.  We  may  extend  to  all  the  theories  of  physical 
science  the  remark  of  Grote  which  Challis  quotes  in  favor  of  hia 
own  :  *rts  frnii fulness  is  its  correctibilit}\'  Instead  of  being  dis- 
hcjirtcnod  hy  diftioultics,  the  true  man  of  science  will  congratu- 
late himself,  in  the  words  of  Vauvenargues,  that  he  lives  in  a 
w(»rld  fertile  in  ohstacles.  Immortalitv  would  be  no  boon  i( 
there  were  not  something  left  to  discover,  as  well  as  to  love." 

Professor  Lover ing  was  also  for  some  years  one  of  the  trustees 
of  the  Tyndall  Fund  for  the  endowment  of  research  in  physics, 
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and  during  the  last  few  years  of  his  life  he  was  one  of  the  trus- 
tees of  the  Peabody  Museum  of  American  Archaeology  and  Eth- 
nology. 

He  was  elected  a  fellow  of  the  American  Academy  of  Arts 
and  Sciences  at  Boston  in  1839^  and  he  served  this  society  in 
various  subordinate  positions  for  thirty-three  years,  and  as  Pres- 
ident during  the  last  twelve  years  of  his  life.  He  became  a 
member  of  the  National  Academy  of  Sciences  in  1873,  and  was 
also  a  member  of  the  American  Philosophical  Society  of  Phila- 
delphia, of  the  California  Academy  of  Sciences,  and  of  the  Buf- 
falo Historical  Society.  In  1879  he  received  from  his  Alma 
Mater  the  degree  of  Doctor  of  Laws. 

Professor  Lovering  was  not  a  writer  of  books,  but  he  was  an 
editor  of  very  large  experience.  He  was  co-editor  with  Prof. 
Benjamin  Peirce  of  the  "Cambridge  Miscellany  of  Mathematics, 
Physics,  and  Asttonomy,"  published  at  Cambridge  in  1842  and 
1843,  and  devoted  tb  pure  and  applied  mathematics.  He  edited 
fifteen  volumes  of  the  Proceedings  of  the  American  Association 
for  the  Advancement  of  Science,  also  six  volumes  of  the  Memoirs 
and  three  volumes  of  the  Proceedings  of  this  Academy,  and  ear- 
lier, in  1842,  a  new  edition  of  Farrar's  Electricity  and  Mag- 
netism. In  1873,  as  has  been  said,  he  was  the  President  for  tlie 
year  of  the  American  Association,  and  in  his  reception  address 
at  Portland  he  said :  "Few  of  us  can  aspire  to  the  honor  of  being 
discoverers  of  the  laws  of  nature  in  the  highest  sense  of  that 
phrase.  But  no  one,  however  humble  his  capacities,  or  however 
limited  his  oppontunities,  who  labors  for  science,  will  fail  to  ad- 
vance it."  This  well  expresses  the  attitude  of  Ix)vering  toward 
his  profession.  He  was  not  a  bom  investigator,  but  one  whose 
path  in  life  was  determined  by  force  of  circumstances,  rather 
than  by  natural  predilections.  He  was  primarily  a  scholar,  and 
the  great  service  which  he  rendered  to  science  was  that  of  a 
scholar  and  a  teacher,  and  not  that  of  an  experimenter. 

But  although  Professor  Lovering  seems  to  have  had  little  in- 
clination to  undertake  original  experimental  investigation  in 
physios,  he  did  a  very  large  amount  of  work  in  observing  and 
correlating  facts.  He  was  associated  with  the  late  Prof.  Wil- 
liam C.  Bond  in  the  management  of  the  primitive  astronomical 
observatory  first  located  at  Cambridge  in  the  dwelling-house 
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still  remaining  on  tlie  corner  of  Quincy  and  Harvard  streets, 
and  there  took  part  in  that  concerted  onset  on  the  problem  of 
tlie  earth's  magnetism  instituted  by  Ifumboldt  and  Gauss,  and 
continued  throughout  the  British  Empire  for  several  years  under 
tlie  direction  of  the  Koval  Society  of  London.  An  appeal  was 
made  to  various  academies  ami  men  of  science  in  this  country  to 
co-o]M*raie  in  the  work,  ami  the  appeal  was  responded  to  by  the 
^[agnetic  Ol)servatory  at  Philadelphia  under  the  care  of  the  late 
Professor  Bache,  and  bv  the  American  'Academv  of  Arts  and 
Sciences  in  Boston,  which  supplied  the  Cambridge  Observatory 
with  the  requisite  instruments.  The  plan  of  the  Boyal  Society 
involved,  besides  frequent  regular  daily  ol)servations,  an  almost 
(M>nliHuous  watch  on  the  magnetic  needle  during  one  day  of  each 
month.  On  these  days,  viiWo.d  t(»rm  days,  observations  were  made 
every  five  minutes  on  three  dilTerent  instruments,  day  and  night. 
The  chief  burden  of  all  this  work  fell  on  Professor  Lovering, 
although  he  was  greaily  assisted,  not  only  in  the  observations 
themselves,-  but  also  in  Iheir  reduction  and  in  the  mathematical 
discussion  of  tin?  results,  l)V  Professors  Bond  and  Peiree  and  a 
few  coniju^teiit  undergniduntes.  Of  these  last.  Thomas  Hill, 
afterward  Presi<lent  r>f  Harvard  College,  and  Benjamin  A. 
(loubl.  the  distinguished  astronomer,  deserve  special  mention. 

Proft*ssor  FiOvering's  exj»erience  in  this  famous  magnetic  cam- 
paign must  have  familiariz<»d  him  with   the  magnetic  disturb- 
ances accompanying  the  auroral  discliarge,  and  thus  led  him  to 
discuss  the  mr)ol<Ml   (piestion   of  the   periodicity  of  the  aurora.. 
His  study  of  this  prohlem  was  the  most  considerable  work  of  his 
life*     Tt  involved  the  collating  and  discussing  of  an  immense 
number  of  more  r)r  less  indefinite  observations,  and  the  mere 
])resentation  (»f  the  result  of  jiis  laborious  investigation  occupies. 
.')')(>  quarto  pages  in  tin-  Mnuoii-s  of  the  American  Academy  of 
Art^i  and  Sciem-es.  new  series,  vol.  x.  part  i.     Professor  Lover-' 
iuL^  clearlv  defined   the  s<'cular  p(M-iods  (»f  the  aurora,  and  also 
>lin\\rc|    thai    no   apparent    connection   tould   be   traced    b<4we€'n 
the  -eciilar  periixlicit \   (»f  the  aurora  and  the  secular  changes  of 
the  earth's   nuignetisni,   tin-   jjeri^ds   ^^\'  sun-s[)ojs,    (ire-balls,   ori 
eartlnjuakes.  or  any  other  secular  changes  with  which  the  aurora. 
luul  hern  asMuMMti'il  hv  vari'Mis  physicists^     As  he  writes  in  this 
uH'inoir,  "^"'A  lesson  of  caution  against  hasty  conclusions  on  sub- 
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jocls  of  such  complexity  may  be  drawn  from  the  fact  that 
whereas  Bone  favored  the  conclusion  that  the  aurora  goes  hand 
in  liand  with  the  earthquake,  and  wliereas  Wolf  had  decided, 
tliough  from  data  afterward  acknowledged  to  be  insufficient, 
that  years  rich  in  sun-spots  corresponded  to  years  rich  in  earth- 
<|uakes,  Kluge,  from  a  more  searching  examination  and  the  use 
of  larger  materials,  iinds  a  periodicity  for  earthquakes  as  long 
as  that  which  governs  the  sun-spots  and  magnetic  disturbances, 
hut  with  maxima  and  minima  reversed."  We  quote  this  as  an 
indication  of  our  colleague's  judgment  and  caution  in  the  dis- 
cnsi^ion  of  observations,  and  although  the  investigation  did  not 
lead  to  the  discovery  of  unsusjiected  relations,  yet  the  negative 
results  reached  were  of  tlie  greatest  im[)ortance,  and  the  memoir 
just  referred  to  may  i)e  quoted  as  an  example  of  great  thorough- 
n(\<s  in  the  col  lent  ion  of  materials,  and  of  remarkable  freedom 
from  l)ias  in  the  discussion  of  results. 

Between  1867  and  1876  Professor  Lovering  was  connected 
with  the  United  States  Coast  Survey,  and  had  charge  of  the  com- 
putations for  determining  differences  of  longitude  in  the  United 
States,  and  across  the  Atlantic  Ocean,  bv  means  of  the  land  and 
cnble  lines  of  telegraph.  The  most  important  and  interesting 
portirm  of  the  work  wliich  he  did  in  this  connection  is  discussed 
in  a  paper  "On  the  Uetermination  of  Transatlantic  Longitudes 
by  means  of  th(»  Telegraphic  Cables,"  published  in  the  ^lemoirs 
of  the  American  Academy  of  Arts  and  Sciences,  new  series,  vol. 
:x.  186T,  Pt.  2,  pp.  437-477. 

Professor  Lovering  was  pre-eminently  a  social  man,  and  any 
notice  of  him  would  be  incomplete  that  did  not  allude  to  this 
genial  phase  of  his  character.  He  was  one  of  the  few  men  who 
could  hold  his  opinions  and  maintain  his  position  without  per- 
sonal animosity  or  unfriendly  feeling,  could  favor  without  parti- 
zanship,  could  oppose  without  bitterness.  He  never  would  quar- 
rel, and,  as  he  once  said,  it  takes  two  to  make  a  quarrel  and  the 
other  man  only  counts  one.  Besides  a  frank  cordiality  and 
kindliness  of  irrectinir  which  made  him  verv  accessible,  he  had 
a  fund  of  drv  humor,  which  not  onlv  enlivened  intercourse,  but 
often  ;rave  force  to  an  argument.  Not  unfrequently  in  meetings 
of  the  eoll(»ge  faculty  he  would  turn  a  stupid  debate,  and  exhibit 
a  (juestion  in  its  real  absurdity,  by  a  witty  remark.     There  was 
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also  a  straightforwardness,  integrity,  and  truthfulness  about  his 
intercourse  which  inspired  confidence  and  warmly  attached  him 
to  his  friends.  He  was  perfectly  just  and  singularly  free  from 
bias,  and  in  any  question  involving  rectitude  or  faithfulness  yon 
could  always  count  on  him.  He  was  faithful  to  every  dut)^  and 
conscientiously  discharged  every  obligation.  He  rarely,  if  ever, 
missed  an  appointment,  and  whatever  he  undertook,  however 
unimportant,  he  did  with  all  his  might. 

Besides  attending  and  keeping  up  the  spirit  of  the  Cambridge 
Scientific  Club,  of  which  he  was  one  of  the  original  members,  he 
was  uniformly  present  at  the  meetings  of  the  Thursday  Evening 
Club  in  Boston,  and  often  contributed  to  its  Proceedings.  He 
very  greatly  enjoyed  these  meetings,  and  his  communications 
were  always  esteemed  by  the  members.  He  had  the  happy  faculty 
of  popularizing  a  subject  without  degrading  it.  He  could  pre- 
sent a  problem  so  that  his  audience  could  follow  as  far  as  he  led, 
and  understand  why  he  did  not  attempt  to  lead  them  further. 
His  discourse  was  always  free  from  trivialities  or  redundances, 
and  his  hearers  could  appreciate  the  grandeur  of  the  mountain 
all  the  better  because  they  had  not  made  a  fruitless  attempt  to 
climb  it. 

It  was  a  very  fitting  tribute  to  Professor  Lovering^s  warm 
social  nature  that  at  the  close  of  his  active  duties,  in  1888,  a 
banquet  should  be  held  in  honor  of  his  fifty  years*  service.  It 
was  the  spontaneous  offering  of  classmates,  associates,  pupils, 
and  friends,  and  it  afforded  him  the  highest  satisfaction. 

Professor  Lovering  was  married  in  1844  to  Sarah  Gray  Hawes, 
r)f  Boston,  and  at  his  death  hia  wife,  with  two  sons  and  two 
daughters,  siirvivod  him.  After  retiring  from  active  work,  he 
passed  four  serone  and  liappy  years.  On  several  occasions  he 
said  to  a  colleague :  "You  don't  know  what  a  pleasure  it  is  to  be 
relieved  from  stated  duties,  and  to  have  full  command  of  your 
time.  T  have  plenty  to  do,  and  never  have  an  idle  moment.** 
Through  groat  prudence  and  tlirift  he  had  laid  aside  a  sufficient 
oompotenry  to  relieve  him  from  all  pecuniary  anxieties,  and  his 
friends  had  hoped  that  he  might  long  pass  the  full  term  of  four- 
score years.  His  wonderful  vitality  and  singular  immunity  from 
disease  encouraged  this  hope:  but  it  was  not  to  be.  A  severe 
cold,  followed  by  influenza,  weakened  the  heart,  and  the  end 
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came  in  the  early  morning  of  January  18,  1892.    He  died  peace- 
fully and  without  pain. 

The  following  catalogue  of  Professor  Lovering's  publications 
has  been  prepared  in  the  office  of  the  Home  Secretary  of  the 
National  Academy  of  Sciences.  It  is  based  on  a  list  of  titles 
given  in  the  College  Class-book  entitled  "Memorials  of  the  Class 
of  1833  of  Harvard  College,  prepared  for  the  Fiftieth  Anniver- 
sary of  their  Graduation  by  the  Class  Secretary,  Waldo  Hig- 
ginson*' : 
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BIOGKAPHICAL  MEMOIK  OF  WILLIAM  MOHK  GABB. 


William  More  Gabb  was  bom  in  Philadelphia  January  20, 
1839.*  His  father,  Joseph  Gabb,  was  a  salesman  in  mercantile 
affairs;  and  his  mother  (in  regard  to  whom  we  have  only  been 
able  to  discover  that  her  maiden  name  was  J.  H.  More),  after  the 
death  of  his  father,  carried  on  the  business  of  a  milliner,  at  248 
Poplar  street,  near  Fourth  street.  The  boy  was  named  after  his 
mother's  father,  William  More. 

He  was  educated  in  the  public  schools,  and  graduated  at  the 
Jefferson  Grammar  School  at  thirteen  years  of  age.  He  was  ad- 
mitted to  the  celebrated  "Central  High  School'^  of  Philadelphia 
in  February,  1853,  where  he  distinguished  himself  in  scholar- 
ship, being  graduated  with  the  degree  of  A.  B.  in  February,  1857. 
Among  those  of  his  class  to  achieve  distinction  were  Henry 
George,  James  Morgan  Hart,  Bushrod  W.  James,  and  Gustavus 
W.  Towne  (wlio  fell  at  Chancellorsville  during  the  Civil  War, 
having  attained  the  rank  of  brigadier-general).  Some  years 
later  he  received  the  master  of  arts  degree  from  his  Alma  Mater. 

The  professor  of  natural  philosophy  and  chemistry  at  the 
school  during  Gabb's  course  was  Martin  Hans  Boye,  from  whom 
the  scientific  tastes  of  young  Gabb  probably  received  some  stimu- 
lation, as  he  alone  represented  natural  science  in  the  faculty  of 
that  day.  Although  he  took  the  classical  course,  Gabb  had 
already  shown  much  interest  in  natural  history,  conchology,  and 
mineralogy,  and,  by  saving  his  small  pocket  money  and  by  gift, 
had  gathered  a  small  collection  of  elementary  books  and  mineral 
specimens,  from  which,  as  well  as  from  his  chemical  lessons,  he 
probably  acquired  some  knowledge  of  blowpipe  analysis  and  of 
minerals.  It  is  recorded  by  Dr.  Brewer  that  Gabb  spoke  of  his 
pleasure  as  a  boy  in  frequenting  the  Museum  of  the  Academy  of  ^ 
Xatural  Sciences. 

How  it  happened  that,  in  days  when  science  seemed  to  offer  no 
career  to  the  young  man  without  independent  financial  resources, 

♦In  several  of  the  brief  biographical  notices  which  have  been 
printed  the  date  is  erroneously  given  as  January  16  or  17. 
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Gabb  was  permitted  to  follow  his  natural  l)ent  is  a  mystery.  The 
father's  name  disappears  from  the  city  directory  in  1863,  when  it 
is  replaced  at  the  same  address  by  "J.  H.  Gabb,  milliner,"  and 
the  inference  might  be  drawn  that  the  father  died  at  that  date 
and  the  boy  became  dependent  ii])on  his  mother,  whose  maternal 
love  and  pride  at  his  brilliant  course  in  the  high  school  were 
more  impressible  by  the  boy's  ambitions  than  a  business-like 
father  might  have  been.  There  is  mention  in  a  post-card  by 
Dr.  George  H.  Horn,  after  Gabb's  death,  of  a  nephew  then  living. 
As  no  reference  to  a  brother  has  l)een  found,  this  nephew  was 
probably  a  sister's  son  whose  name  we  have  been  unable  to  trace. 
We  know  that  he  had  a  sister,  to  whom  he  was  much  devoted  and 
who  married. 

Dropping  speculation,  our  next  definite  information  is  to  the 
ofTect  that  after  graduation,  in  1857,  Gabb  determined  to  pursue 
a  scientific  career  in  the  line  of  geology  and  mineralogy.  He 
sought  the  aid  of  Professor  James  Hall,  of  Albany,  New  York, 
then  the  most  distinguished  geologist  in  America,  and  for  a  cer- 
tain period,  not  definitely  stated,  he  served  as  assistant  and  pupil 
to  the  Professor.  In  1860  he  was  back  in  Philadelphia,  where, 
liaving  been  admitted  to  membership  in  the  Academy  of  Natural 
Sciences,  he  l>ecame  a  frequenter  of  its  collections,  then  the  finest 
in  America,  and  was  brought  into  more  or  less  intimate  asso- 
ciation with  (Conrad  and  other  scientific  collaborators  of  the 
AcadcMuy,  and  served  on  the  committee  having  charge  of  the 
palcontological  collections. 

About  this  time,  perhaps  at  the  suggestion  of  Professor  Spen- 
cer F.  Baird,  Gabb  visited  tlie  Smithsonian  Institution  in  Wash- 
inirton,  and  was  one  of  the  group  of  young  scientific  students 
domiciled  ninong  tlio  brown  Elizabethan  towers  of  the  recently 
erected  Imilding.  Stimpson,  Gill,  Ifayden.  ^leek.  Horn,  Cope, 
Kennicott.  Cooper,  and  others  whose  names  are  now  famous  were 
til  en  cr)rnrades  and  fellow-students,  shortlv  to  he  scattered  to  the 
utierinost  limits  of  the  continent :  but  even  a  brief  sojourn  among 
them  would  have  been  something  to  remember  for  a  lifetime. 
The  inspiration  of  such  an  experience  meant  much  to  the  young, 
enL'er,  anil»itious.  able,  and  sclf-conlident  student,  who  had 
already,  in  Philadelphia,  become  known  to  some  members  of  the 
coterie. 
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He  had  become  particularly  intimate  with  the  late  George  H. 
Horn,  who  cooperated  with  him  in  the  preparation  of  important 
paleontological  memoirs  published  by  the  Academy.  Another 
near  friend  was  the  late  George  W.  Tryon,  Jr.,  expert  in  music 
and  concholog}^  Their  influence  may  have  led  him  finally  to 
specialize  in  paleontology,  though  Horn  became  distinguished 
later  as  an  entomologist. 

In  1860  the  California  State  Geological  Survey  was  author- 
ized, and  Josiah  Dwight  Whitney  was  named  as  Geologist.  He 
proceeded  in  the  winter  of  1860-'61  to  organize  the  force,  which 
took  the  field  in  December,  1860,  and  the  season  of  1861  was 
fully  utilized. 

The  following  notes  in  regard  to  Gabb's  experiences  with  the 
State  Geological  Survey  of  California,  during  1862  and  1863,  are 
from  data  furnished  by  Professor  W.  H.  Brewer,  of  New  Haven, 
who  was  a  member  of  the  Survey  staff,  and  to  whom  I  am  much 
indebted  for  his  kind  communications  on  the  subject,  his  health 
not  permitting  him  to  prepare  this  memoir  personally,  as  was 
at  first  contemplated. 

The  work  of  the  Survey  during  1861  was  in  the  Coast  Kanges 
west  or  south  of  the  valley  of  California,  and  extended  from 
Temescal,  south  of  San  Bernardino,  northward  to  Mount  Saint 
Helens,  north  of  San  Francisco  Bay.  The  great  importance  of 
the  Cretaceous  rocks,  so  largely  developed  in  this  part  of  the 
State,  made  it  very  important  to  engage  the  services  of  a  qualified 
paleontologist  familiar  with  the  Mesozoic  faunas.  On  Professor 
Brewer's  return  to  San  Francisco,  near  the  end  of  the  year  1861, 
he  was  informed  by  Professor  J.  D.  Whitney,  the  Director  of  the 
Survey,  that,  after  much  inquirj',  he  had  engaged  a  young  man 
who  had  been  recommended  to  him  by  competent  judges  as  the 
best  authority  in  America  on  Cretaceous  paleontology,  and  as  one 
possessing  a  good  general  knowledge  of  the  science  in  its  broader 
relations. 

Gabb  left  the  East  and  reached  San  Francisco  by  steamer  from 
the  Isthmus  on  the  morning  of  January  6, 1862.  He  was  met  by 
Brewer,  who  conducted  him  to  the  offices  of  the  Survey  and  intro- 
duced him  to  the  other  members  of  the  staff.  The  annual  meet- 
ing of  the  California  Academy  of  N'atural  Sciences  happened  to 
be  set  for  the  evening  of  the  same  day,  and  Gabb  accompanied 
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Brewer  to  the  meetings  was  introduced  to  the  little  group  of  sci- 
entific men  who  made  up  the  membership^  and  was  elected  not 
only  a  member,  but  also  to  the  Curatorship  of  Paleontology.  It 
was  a  cordial  greeting  to  the  young  scientist,  in  true  California 
fashion. 

Professor  Brewer  notes  that  this  winter  was  the  wettest  that 
California  had  experienced  since  tlie  American  occupation  of  tlie 
territory,  and  the  floods  very  disastrous.  The  streets  of  Sacra- 
mento, the  State  capital,  were  passable  only  for  boats  during 
three  months,  and  the  damage  to  property  was  commonly  esti- 
mated at  fifty  millions  of  dollars.  The  Survey  was  also  affected, 
as  the  difficult V  of  getting  about  was  enormously  increased,  and 
appropriations  were  naturally  cut  down  by  the  legislature,  in 
view  of  the  general  losses  and  reduced  taxation. 

Gabb  worked  with  great  industry,  during  the  early  part  of 
1862,  on  the  fossils  which  had  already  been  accumulated  in  the 
office  of  the  Survey,  but  took  the  field  with  the  main  party  about 
the  last  of  April,  remaining  about  two  months.  They  visited  the 
northern  portion  of  the  Mount  Diablo  range  and  worked  along 
its  eastern  slope  for  some  one  hundred  and  fifty  miles.  This  is 
one  of  the  most  interesting  regions  in  the  State  for  a  student  of 
the  Cretaceous  rocks.  These  occur  at  high  inclinations  over 
some  portions  of  tlic  region,  but  arc  here  found  in  many  variable 
relations,  contain  its  most  iiiiportant  coal  seams,  and  exhibit 
their  greatest  observed  thickness. 

During  ISGl  and  18G'^  the  Survey  had  studied  the  geological 
c;ohimn  from  the  Cretaceous  downward  and  from  the  Miocene 
upward,  but  no  trace  of  Eocen(»  had  been  discovered.  The  only 
J^^oeene  reported  by  any  observer  had  been  a  few  fossils,  collected 
hv  Xewberrv  on  the  Pacific  Kailwav  siirvev,  which  were  said  to  be 
from  Fort  Tejon. 

Doctor  Brewer  informs  me  that  in  18G3  he  and  Gabb  started 
together  on  horseback  to  investigate  tlie  region  about  Fort  Tejon 
for  Eocene  rocks.  Their  only  l»aggage  was  carried  in  their  sad- 
dlebags and  blanket  rolls.  Leaving  San  Franci.^ro  early  in  the 
spring,  they  had  a  tedious  rido  of  more  than  three  hundred  miles 
before  reaching  Fort  Tejon,  which  was  at  that  time  unoccupied 
bv  the  armv.  Some  settlers  were  in  the  vicinitv  and  the  main 
route  to  Los  Angeles  crossed  the  pass.     After  searching  for  some 
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time  without  satisfactory  results,  a  clue  was  obtained  from  a 
teamster  who  had  accompanied  Newberry's  party  and  who 
claimed  to  have  found  the  Eocene  boulder  in  the  bed  of  a  stream, 
somewhere  between  the  Port  and  the  Tejon  Indian  Seservation, 
al)out  twenty  miles  distant.  The  searchers  then  rode  along  the 
foothills,  examined  the  wash  from  the  various  streams,  found  a 
single  boulder  in  one,  and  then  went  to  the  Indian  reservation. 
Here  two  days  were  spent  without  success,  and  the  party  re- 
turned by  a  slightly  different  route.  Finally,  in  the  ravine 
called  the  "Canada  de  los  TJvas,"  the  beds  were  detected  from 
which  the  original  boulders  may  have  been  derived.  Here  the 
desired  material  was  collected. 

They  then  went  through  the  mountains  to  the  San  Emidio 
Canon,  which  they  explored;  thence  by  the  plains  to  Fort  Tejon; 
across  the  mountains  to  the  Mojave  Desert,  which  they  crossed 
near  its  western  edge ;  to  the  southern  part  of  the  Sierra  Nevada, 
and,  by  way  of  the  Tehachipi  Pass  (now  used  by  the  Southern 
Pacific  Bailway),  to  the  great  Central  Valley  again.  The  Indians 
on  the  way  had  risen  in  revolt,  so  the  party  turned  eastward 
again  into  the  Sierra,  working  easterly  and  northerly  imtil  the 
Kern  River  was  reached  at  Kemville,  the  Indians  being  hostile 
for  the  whole  distance.  Qabb  and  Brewer  then  worked  across 
the  range  through  Walker  Pass  and  along  the  eastern  base  of  the 
Sierra  until  driven  back  again  by  Indians  on  the  warpath.  Re- 
turning to  Kernville,  they  followed  the  Central  Valley  of  Cali- 
fornia northward  until  they  met  the  party  taken  by  Whitney 
into  the  Sierra  in  Jime.  The  expedition  was  exceedingly  inter- 
esting and  profitable  to  science,  but  one  which  involved  much 
hardship,  some  danger,  and  required  zeal  and  courage  to  accom- 
plish. As  a  sample  of  the  experiences  of  the  early  geological 
explorers  in  California,  Professor  Brewer's  notes  have  seemed 
worthy  of  preservation  in  full. 

In  the  autumn  Gabb  was  sent  to  investigate  the  Cretaceous 
rocks  of  Oregon,  Washington  Territory,  and  Vancouver  Island, 
an  expedition  to  which  he  devoted  three  months. 

In  the  intimacy  of  such,  a  journey  as  tliat  taken  by  Professor 
Brewer,  the  character  of  one's  companion  is  usually  shown  in  its 
true  colors.  Professor  Brewer  expresses  his  recollections  of 
Gabb  to  the  following  effect : 
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What  rnado  the  strongest  impressiou  was  that^  although  strik- 
ingly diligent  and  enthusiastic,  he  was  curiously  self-contained. 
He  never  seemed  afraid  and  never  anxious  in  the  presence  of 
danger;  he  never  lost  his  temper,  and  in  various  ways  showed  a 
peculiarly  even  disposition. 

Although  as  a  greenhorn  in  frontier  life  he  was  at  first  sub- 
jected to  much  dialling  from  those  members  of  the  party  who 
were  more  experienced  in  camp  work  in  California,  he  never 
became  angry.  He  took  the  jokes  due  to  his  inexperience, 
altliough  they  were  frequent,  good  naturedly  and  never  exhibited 
annoyance.  He  was  one  of  the  most  diligent  of  men.  If  he 
returned  from  an  expedition  of  a  month  or  six  weeks,  and  in 
getting  from  the  field  to  the  office  had  an  hour  to  spare,  that 
hour  was  spent  with  pencil  in  hand  sketching  and  studying  his 
specimens  as  if  lie  had  not  been  away. 

His  relations  with  his  associates  were  most  pleasant.  Though 
his  chief  was  a  testy  and  not  tactful  man,  he  greatly  appreciated 
Gabb's  work,  and  in  subsequent  years  did  all  he  could  to  aid  him 
in  various  ways. 

The  writer  may  add  to  these  personal  reminiscences,  from  his 
own  recollections  of  1865  and  later  years,  a  few  words  on  Gabb's 
physical  characteristics.  He  was  of  moderate  height,  slender, 
of  sanguine  temperament,  brown  liaircd,  with  brilliant  dark 
eyes,  a  rosy  though  sunburned  complexion,  quick  in  his  move- 
ments, confident  in  his  bearing,  and  with  a  pleasantly  har- 
monious voice.  His  mistakes,  and  he  occasionally  made  them, 
were  ahnost  always  due  to  over-confidence,  but  were  acknowl- 
edited  with  a  manlv  franknifss.  He  was  considerate  of  his 
friends,  and  liis  disposition,  generous  but  not  lavish,  was  the 
result  of  economical  halnts  fonred  upon  him  by  the  struggles  of 
his  early  vears. 

His  long  absences  cut  him  olT  in  the  latter  part  of  his  life  from 
intercourse  (except  at  rare  intervals)  with  his  scientific  col- 
leagues. The  only  relative  who  long  survived  him  was  a  nephew, 
whose  name  we  have  not  been  able  to  trace,  and  the  early  death 
of  most  of  those  intimately  associated  with  him  during  his  most 
active  years  all  comhined  to  make  the  <;athering  of  data  regard- 
ing his  life  a  matter  of  no  little  dilfirulty. 

In  1804  he  was  S4*nt  hy  Whitney  to  explore  northern  Califor- 
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Ilia  aud  southeastern  Oregon,  leaving  the  northern  end  of  Kla- 
math Lake  June  20  and  continuing  in  the  Held  until  the  middle 
of  October.  During  this  season  one  of  the  slate  peaks7  believed 
to  be  nearly  10,000  feet  in  height  and  situated  in  the  north- 
eastern angle  of  Fresno  County,  California,  between  the  forks 
of  the  San  Joaquin  Kiver,  was  named  Mount  Gabb  l)y  Whitney. 

Paleontological  material  had  now  accumulated  in  abundance, 
and  a  large  part  of  1865  was  devoted  by  Gabb  to  working  up  the 
fossils,  the  field,  except  for  a  little  work  by  Conrad  and  Trask, 
being  almost  unexplored.  As  Gabb  had  a  neat,  artistic  faculty, 
he  prepared  his  own  drawings  of  the  fossils,  which  were  after- 
ward engraved  and  puhlished  in  the  paleontological  volumes 
issued  by  the  Survey. 

In  1866  Gabb  was  engaged  from  January  until  November  in 
the  exploration  of  the  Coast  Kanges  and  the  fossiliferous  Ter- 
tiary beds  of  which  they  lire  in  part  composed. 

In  1867,  at  the  personal  charge  of  Professor  Whitney,  Gabb 
explored  the  White  Mountain  Range  on  the  borders  of  California 
and  Nevada,  carrying  the  work  eastward  as  far  as  the  116th 
meridian  west  of  Greenwich,  and  including  a  large  part  of  the 
area  between  37°  and  39°  north  latitude,  and  returned  about  the 
end  of  October. 

Certain  interests  in  California  having  turned  their  attention 
to  Lower  California,  an  expedition  was  organized  in  this  year 
with  the  consent  of  the  Mexican  authorities.  It  was  placed  in 
command  of  the  well-known  J.  Ross  Browne,  who  associated 
with  himself  Ferdinand  von  Lohr,  and,  by  arrangement  with 
Whitney,  W.  M.  Gahb.  The  party  went  to  Cape  Saint  Lucas, 
and  from  thence  worked  northward  and  in  zigzags  across  the 
narrow  peninsula  for  the  greater  part  of  its  length. 

Xantus,  Guillemin,  and  Combier  had,  at  various  times  pre- 
viously, contributed  to  the  exploration  of  the  peninsula,  which 
was,  however,  very  imperfectly  known.  To  the  work  of  Gabb, 
trained  under  such  a  master  as  Whitney,  and  associated  with 
Clarence  King,  Richthofen,  and  Ashbumer,  is  due  the  unveiling 
of  the  true  structure  of  the  peninsula.  This  was  shown  clearly 
in  his  map,  published  in  the  Geographische  Mittheilungen  of 
Petermann ;  by  a  chapter  in  the  TI.  S.  Treasury  Report  on  Min- 
eral Resources,  1868,  edited  by  J.  Ross  Browne;  and  lastly  by 
his  own  report,  published  by  Whitney  in  1882. 
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Early  in  1868  Gabb  returned  to  the  East  and  gave  a  summary 
of  his  researches  in  an  address  before  the  National  Academy  of 
Sciences  at  its  Northampton  meetings  in  August,  1868. 

After  seeing  the  second  volume  of  the  California  Paleontology 
through  the  press^  Gabb  severed  his  connection  with  the  Sunrey. 
The  government  of  Santo  Domingo  desired  to  know  something 
of  its  geological  resources^  and  made  an  arrangement  with  the 
Santo  Domingo  Land  and  Mining  Company,  a  corporation 
formed  in  New  York  for  the  purpose,  whereby  that  company  was 
to  be  reimbursed  in  land  for  the  cost  of  the  survey.  The  nego- 
tiations having  been  concluded,  the  diplomatic  agent  of  the 
Dominican  government  in  the  United  States  selected  Mr.  Qabb 
as  chief  of  the  survey,  which  was  topographical  and  geological. 

The  work  began  early  in  1869,  and  was  carried  on.  for  three 
years  with  excellent  results.  A  fine  map  of  the  country  was 
prepared  and  united  with  Schomburgk^s'  Haitian  Surveys  to  form 
a  complete  reconnaissance  of  the  island. 

He  returned  to  Philadelphia  in  1872  to  prepare  his  report  and 
map,  and  subsequently  made  a  second  visit  to  the  island. 

In  1873  the  government  of  Costa  Rica,  in  connection  with  plans 
for  a  railway,  desired  topographical  and  geological  surveys  in 
its  little-known  province  of  Talamanca,  and  engaged  the  services 
of  Mr.  Gabb  for  tlie  purpose.  During  three  years,  while  engaged 
in  this  work,  Gabb  extended  his  observations  over  a  great  part  of 
Costa  Hica,  collected  largely  in  natural  history,  geological,  and 
ethnological  lines,  and  sent  valuable  collections  to  the  Smith- 
sonian Institution.  He  sufTercd  severelv  from  "calentura,"  or 
coast  fever,  a  pernicious  and  deadly  form  of  malaria,  and,  from 
exposure  in  the  field,  finally  contracted  pneumonia.  This  weak- 
ened his  lungs  to  an  extent  which  made  him  an  easy  victim  of 
I  he  tubercular  disease  wliicih  was  later  to  prove  fatal. 

Mo  returned  to  the  riiitod  States  in  the  spring  of  1876,  and 
at  the  Centennial  Exposition  at  Philadelphia  prepared  for  the 
A't//"  Yor\'  Ifrrahf  an  interesting  and  valuable  report  on  the 
mincralo'^v  of  the  Centennial  exhibits.  He  was  elected  a  mem- 
ber  of  the  Xational  Acadoniy  of  Sciences  in  this  year. 

Not  lon«r  afterward  lie  n^urned  to  Santo  Domingo  with  the 
intention  of  developing:  a  promising  mining  claim.  The  cli- 
mate of  the  country  proved  unfavorable  to  him.    His  disease  made 
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rapid  progress,  and  in  a  vain  fight  for  life  he  returned  to  the 
United  States  in  April,  1878.  His  condition  was  such  that  the 
most  serious  consequences  seemed  inevitable.  He  passed  the 
few  remaining  weeks  of  his  life  in  endeavoring  to  make  part  of 
his  manuscripts  available  for  publication. 

These  were  delivered  to  the  custody  of  his  friend  Mr.  Tryon, 
and  on  the  30th  of  May,  1878,  he  died  at  his  home  in  Willington 
street,  Philadelphia,  leaving  an  aged  mother  and  a  nephew  to 
survive  him.  He  was  buried  June  3,  at  Woodland  Cemetery, 
near  Philadelphia. 

His  valuable  collection  of  fossils  from  Santo  Domingo  and 
Costa  Kica  was  bequeathed  to  the  Academy  of  Natural  Sciences 
of  Philadelphia.  His  books  and  papers  were  mostly  disposed  of 
by  sale,  but  we  have  found  allusions  to  a  diary  which  was  left  to 
his  family  and  whicli  should  contain  interesting  records  of  his 
varied  experiences  as  an  explorer  in  tropical  lands. 

Beside  membership  in  the  Academy  of  Natural  Sciences,  the 
American  Philosopliical  Society,  and  the  Academy  of  Fine  Arts 
of  Philadelphia,  his  merits  were  recognized  by  honorary  or  cor- 
responding membership  in  various  foreign  scientific  societies. 
His  energy  in  work  and  devotion  to  research  are  exemplified  by 
his  numerous  publications  and  by  his  persistent  exploration  of  un- 
healthy regions,  where  the  most  elementary  comforts  of  civiliza- 
tion were  absent  or  obtained  with  difficulty. 

Beside  the  more  serious  works  enumerated  in  the  accompany- 
ing bibliography,  Qabb  contributed  letters,  describing  his  ex- 
periences in  Lower  California,  to  the  Alta  California  newspaper 
of  San  Francisco.  He  contributed  at  times  to  Harpers  Weekly, 
and  prepared  a  description  of  Costa  Rica  for  Harper  s  Magazine. 

In  his  early  publications,  Gabb's  attention  was  chiefly  devoted 
to  the  fossils  of  the  Cretaceous  period,  of  which  he  rapidly  ac- 
quired a  thorough  knowledge,  so  far  as  the  forms  found  in  the 
New  World  were  concerned. 

During  his  period  of  activity  he  was  probably  the  most  pro- 
ficient and  prominent  student  of  the  American  Cretaceous. 

While  working  on  the  paleontology  of  California  lie  mono- 
graphed the  Upper  Mesozoic  and  Tertiary,  so  that  his  works, 
which  at  the  time  formed  the  standard  for  reference  on  the  sub- 
ject, must  always  remain  classics  for  the  student  of  these  forms. 
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His  work  in  Lower  California,  Santo  Domingo,  and  Costa 
Eica  was  of  serious  importance  for  geography;  the  paleontologic 
work  actually  published  was  of  a  preliminary  character,  but  the 
complete  monographs  which  he  contemplated  and  for  which  he 
had  gathered  much  material  were  destined  never  to  be  written. 

The  amount  he  accomplished  in  the  brief  space  of  eighteen 
years,  during  five  of  which  he  was  more  or  less  constantly  suffer- 
ing from  the  enervating  effects  of  tropical  malaria,  is  worthy  of 
res])ect  and  admiration,  mingled  with  regret  that  his  life  was  not 
spared  to  complete  the  researches  he  contemplated  and  which  he 
was  so  well  fitted  to  carrv  out. 
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BIOGRAPHICAL  MEMOIR  OF  ALEXIS  CASWELL* 


On  the  8th  of  January,  1877,  Rhode  Island  lost,  by  death,  an 
accomplished  man  of  science  and  one  of  her  best  citizens. 
Alexis  Caswell  was  born  in  Taunton,  Mass.,  on  the  29th  of 
January,  1799.  His  ancestors  on  the  father's  side  were  pros- 
perous farmers,  and  were  among  the  earliest  settlers  of  Taunton. 
Thomas  Caswell,  of  the  fifth  generation  preceding,,  came,  accord- 
ing to  tradition,  from  Somersetshire,  England.  His  will  was 
admitted  to  probate  in  1697,  only  fifty-eight  years  after  the 
incorporation  of  Taunton.  The  grandfather  of  Alexis  married 
Zibiah  White,  who  was  the  great-granddaughter  of  Peregrine 
White,  the  first-bom  of  the  Pilgrims  in  America  on  board  the 
Mayflower,  November,  1620.  Alexis  Caswell,  after  spending  his 
early  years  upon  the  farm,  was  prepared  for  college  at  the  Bristol 
Academy,  in  Taunton.  Little  is  known  of  his  character  and 
attainments  at  this  time;  but,  if  the  child  is  father  of  the  man, 
he  must  have  been  amiable,  docile,  and  full  of  high  ambition. 
At  the  age  of  nineteen  he  entered  Brown  University,  over  which 
Dr.  Messer  then  presided.  His  course  in  college  was  eminently 
successful,  and  at  his  graduation  in  1822  he  received  the  first 
honors. 

From  1822  to  1827  he  was  connected  with  Columbian  College, 
Washington,  D.  C,  as  tutor  or  professor  of  languages,  at  the 
same  time,  studying  theology  under  Dr.  Stoughton,  the  president. 
In  the  autumn  of  1827  he  went  with  Dr.  Irah  Chase  (professor 
in  the  Newton  Theological  Seminary  from  1825  to  1843)  to 
Halifax,  for  the  purpose  of  establisliing  the  Granville  Street 
Baptist  Church  in  that  place.  His  plans  were  changed  in  conse- 
quence of  an  invitation  which  he  received  from  the  people  to 
remain  among  them.  He  was  ordained  on  the  7th  of  October, 
and  settled  over  them  as  their  pastor.  Having  preached  to  them 
acceptably  for  a  year,  he  received  an  invitation  from  the  First 
Baptist  Church  in  Providence,  in  the  summer  of  1828,  to  assist 


♦Reprinted  from  the  Proceedings  of  the  American  Academy  of  Arts 
and  Sciences,  Philadelphia,  Vol.  XII,  1877,  pp.  307-313. 
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the  Rev.  S.  Gano,  the  pastor  of  that  church.  He  had  been  in 
Providence  only  a  few  weeks  when  he  was  appointed  professor 
of  mathematics  and  natural  philosophy  in  Brown  University. 
With  the  exception  of  the  time  when  he  visited  Europe,  in  1860- 
1861,  he  discharged  the  laborious  duties  of  this  office  for  thirty- 
five  years,  to  the  complete  satisfaction  of  the  government  and 
the  pupils  of  the  institution.  Engaging  in  its  instruction  soon 
after  Dr.  Wayland's  accession  to  the  presidency,  he  was  his 
strong  support  throughout  an  able  and  vigorous  administration. 
In  many  respects  one  was  the  fitting  complement  of  the  other, 
and  respect  and  confidence  were  felt  equally  on  each  side.  In 
1840,  while  Dr.  Wayland  was  absent  in  Europe,  Professor  Cas- 
well discharged  the  duties  of  president ;  and,  during  the  last  three 
years  of  President  Wayland's  official  term,  Professor  Caswell, 
under  the  title  of  regent,  relieved  him  from  all  the  anxieties  of 
discipline,  bringing  to  this  delicate  duty  qualities  of  mind  and 
heart  which  secured  good  order  without  alienating  the  affection 
of  the  students. 

When  Dr.  Caswell  resigned  his  professorship  in  1863  he  was 
sixty-four  years  of  age,  and  had  fairly  earned  the  leisure  and  the 
retirement  which  are  the  reward  and  luxury  of  old  age.  But  he 
was  still  young  in  the  best  sense  of  the  word — young  in  his  feel- 
ings, in  his  habits  of  industry,  in  his  intellectual  faculties,  in 
the  good  constitution  which  lie  had  inherited  from  his  father. 
(who  died  in  1851  at  the  advanced  age  of  ninety-one),  and 
young  in  his  passion  to  serve  liis  day  and  generation  to  the  end. 
Accord in«^ly  he  cn<ragcd  in  active  affairs  with  a  vigor  and  success 
wliich  younger  men  might  well  have  envied.  Refreshed  by  five 
years,  not  of  repose,  but  of  a  change  of  his  intellectual  diet,  he 
again  obeyed  the  voice  of  his  Alma  Mater,  which  called  him, 
in  18G8,  to  the  presidency  of  Brown  University,  Dr.  Sears,  his 
predecessor,  having  been  summoned  to  an  urgent  and  difficult 
service  by  the  strong  voice  of  patriotism  and  humanity.  Although 
Dr.  Caswell  had  been  moving  for  a  few  years  outside  of  the  uni- 
versitv  domain,  his  heart  was  ahvavs  there.  lie  knew,  better 
probably  tlian  any  one  else,  the  wants,  the  resources,  and  aims 
of  the  institution;  and,  notwithstanding  that  he  stood  on  the 
brink  of  threescore  years  and  ten,  he  brought  to  his  high  position 
the  vigor,  llie  freshness,  and  the  hope  of  youth.     Among  the 
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various  needs  of  the  university  which  he  pressed  upon  the  atten- 
tion of  the  corporation  in  his  annual  reports  was  the  establish- 
ment of  an  astronomical  observatory^  sufficient  for  the  purposes 
of  instruction  if  not  of  research. 

Soon  after  leaving  the  office  of  president,  in  1872,  Dr.  Caswell 
was  elected  into  the  board  of  trustees,  and  in  1875  he  was  chosen 
a  fellow  of  the  corporation.  In  1841  he  received  the  degree  of 
D.  D.,  and  in  1865  that  of  LL.  D.,  both  from  his  own  university. 
For  nearly  fifty  years  he  had  been  associated  with  it,  either  as 
student,  teacher,  president,  trustee,  or  fellow,  and  in  each  and  all 
of  these  relations  he  had  reflected  back  all  the  honors  which  he 
had  received  as  a  favorite  son.  Earnest,  devoted,  and  generous 
himself,  he  had  the  power  and  the  disposition  to  enlist  others  of 
larger  means  in  the  same  cause.  None  of  its  distinguished  chil- 
dren has  exceeded  him,  perhaps  none  has  equaled  him,  in  length 
of  service  and  fidelity  to  its  sacred  trusts. 

The  special  function  and  the  high  delight  of  Dr.  Caswell  were 
those  of  an  educator.  When  he  began  his  profession  of  teacher 
he  shared  the  fate  of  his  contemporaries  in  older  and  richer  uni- 
versities in  a  new  country.  He  was  responsible  for  all  the  in- 
struction given  in  mathematics  and  natural  philosophy ;  in  fact, 
he  alone  represented  the  scientific  side  of  the  institution  to  which 
he  was  attached.  Afterwards,  a  professor  of  chemistry,  and  at  a 
much  later  period  professors  of  natural  philosophy  or  mathe- 
matics, were  associated  with  him,  so  that  in  1850  his  own  duties 
were  restricted  to  astronomy,  from  1851  to  1855  to  mathematics 
and  astronomy,  and  after  1855  to  natural  philosophy  and  astron- 
omy. It  could  not  be  expected  of  any  man  who  was  required  to 
scatter  his  energies  over  a  variety  of  subjects,  which  in  a  well 
appointed  university  would  tax  the  best  efforts  of  half  a  dozen 
professors,  that  he  should  have  much  leisure  or  disposition  for 
original  investigation  in  one  direction.  It  was  enough,  and 
more  than  enough,  for  the  most  laborious  and  ambitious  teacher 
that  he  should  maintain  a  high  standard  of  scholarship  in  the 
wide  field  which  circumstances  forced  him  to  cultivate.  Much 
has  been  written  during  the  last  few  years  in  regard  to  the  en- 
dowment of  scientific  research.  But  this  is  a  luxury  of  which 
no  one  dreamed  in  Dr.  CaswelFs  day,  and  its  strongest  advocates 
at  the  present  time  are  not  in  agreement  as  to  the  best  way  of 
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accomplishing  the  desirable  result.  Mr.  Huxley  may  be  correct 
in  his  opinion  that  a  moderate  amount  of  teaching  will  not  check, 
but  stimulate,  the  zeal  of  the  original  explorer;  but  no  one  will 
think  that  a  mind  wearied  by  excessive  teaching,  distracted  by  a 
multiplicity  of  topics,  and  prevented  from  rising  in  his  instruc- 
tion to  the  Alpine  heiglits  of  science  by  the  dullness  or  indiffer- 
ence of  the  average  student  who  despairs  even  of  reaching  the 
table-land,  is  a  congenial  soil  for  advancing  human  knowledge. 
Under  such  circumstances,  one  of  two  things  must  happen — 
either  the  work  of  teacliing  will  be  neglected  or  that  of  original 
research  will  be  left  to  men  more  favorably  placed. 

It  must  not  be  inferred  from  these  remarks  that  Dr.  Caswell 
was  contented  to  remain  .stationary.  At  no  time  since  his  scien- 
tific life  began  has  it  been  an  easy  task  even  to  keep  in  sight  the 
few  who  are  steadily  advancing  the  outposts  of  science,  and  of 
late  it  is  quite  impossible  w^ithout  concentration.  Dr.  Caswell's 
predilection  was  for  meteorology  and  astronomy.  During  the 
period  of  twenty-eight  and  a  half  years  (from  December,  1831, 
to  May,  18G0)  he  made,  with  few  interruptions,  a  regular  series 
of  meteorological  observations  at  the  same  spot  on  College  Hill, 
in  l^rovideuce.  These  observations,  precise  as  regards  tempera- 
ture and  pressure,  and  including  also  much  information  on  winds, 
(.lomW,  nioistiins  rain,  storms,  the  aurora,  &c.,  have  been  pub- 
lished ill  detail  in  \'()1.  XT  I  oi"  the  "Smithsonian  Contributions 
to  KnowlL'tlLif'/'  and  lill  l^U  quarto  pages.  Dr.  Caswell  continued 
his  ol.)servalions  in  meleorolotrv  with  unabated  zeal  to  the  end  of 
ls;(.;,  fovcriiiir,  in  a  IK  tin-  loiiir  TH;ri<>d  uf  I'ortv-five  vears.  It  is  to 
Ik»  h«i]i«Ml  ihai  IIk'  lati»*r  ].>orii<»n  of  the  series- will  be  published 
sunn  umlrr  ilic  same  ra\«»ral»!r  aii>j)i(t's  as  tlie  former.  If  it  be 
inii',  as  llie  AsivoiiMiiUT  IJnval  nf  (Jn-cnwiuli  believes,  that  me- 
icnrolnny  i>  in  t,M»  <rinl»'  a  sJaiL'  to  rlaiin  tlie  rank  of  a  physical 
scit-nei',  >iiili  lal"»rs  a.-  tli'wr  nf  l)r.  Caswell  are  among  the  means 
of  iriakiriL'"  ii  "Mr.  And  cr-riainly.  al  ilii-  nionifiit,  the  interests 
aiul  linpr's  invnlxrd  in  llie  sul»iri  i  ;ii-(j  l»i'VMud  anvtliinfj  which  Dr. 
("a-wcll  coi-M  1ki\<'  ini.iiiini''!  \\i;»-ii  In-  Ite.Lran  his  work.  Dr. 
IIm1s..|;i-^  nL«-i«-ornl«e:i-al  ol'-rrvaji-'n^:  jn  Salmi  (]»ublishcd  in  the 
Mci[i"irs  i'\  \\i\<  Aiihl'-niv")   iu-L^.-m  in  .'ann;ir\\   KiSG,  and  con- 
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tinuod  to  March,  1829.  Mr.  Hall's  observations  in  Boston  (also 
piihlislied  in  the  jMcmoirs  of  the  Academy*)  embrace  a  period  of 
forty-jiine  years,  viz.,  from  1821  to  1865.  The  observations  of 
Dr.  Hale,  also  made  in  Boston,  between  1817  and  1848,  are  pre- 
served in  the  archives  of  the  Academy*  for  future  publication. 
These  various  series,  arranged  in  sequence,  may  answer  the  ques- 
tion. What  changes  has  a  century  brought  to  the  climate  of  New 
England  ?  So  far  as  the  observations  are  contemporaneous,  they 
will  indicate  the  amount  of  influence  to  be  ascribed  to  local 
causes  or  instrumental  defects. 

In  1858  Dr.  Caswell  delivered  four  lectures  on  astronomy  at 
the  Smithsonian  Institution  in  Washington.  They  were  of  the 
highest  order  of  popular  instruction,  and  on  that  account  were 
thought  by  Professor  Henry  worthy  of  being  permanently  pre- 
served in  his  printed  report  for  that  year.  Whatever  may  have 
been  or  may  still  be  the  conflict  between  science  and  theology, 
there  is  no  conflict  between  science  and  religion,  least  of  all  in 
Dr.  CaswelFs  mind.  He  says  in  his  introductory  remarks :  "The 
mechanism  of  the  heavens,  in  proportion  as  we  comprehend  more 
and  more  of  its  vastness  and  seeming  complexity,  bears  witness 
to  the  enduring  order  and  harmony  of  the  universe,  and  points 
with  unerring  certainty  to  the  superintending  agency  of  an  in- 
telligent and  infinite  Creator."  And  again:  '^e  spontaneously 
pay  the  tribute  of  our  homage  to  all  great  achievements.  But  in 
no  case  is  homage  more  just  or  more  enduring  than  that  which 
all  cultivated  minds  pay  to  him  who  stands  as  the  minister  and 
interpreter  of  Nature,  and  makes  known  to  us  her  laws  and  her 
mysteries.     Many  such  adorn  the  annals  of  astronomy." 

Dr.  Caswell  joined  the  American  Association  for  the  Advance- 
ment of  Science  at  its  second  meeting,  which  was  held  at  Cam- 
bridge in  1850.  Although  he  made  no  formal  contribution  to  its 
proceedings,  he  was  a  frequent  attendant  upon  the  annual  meet- 
ings, took  part  in  the  discussions,  and  always  gave  dignity  to  its 
deliberations  bv  his  character  and  his  words.  In  1855  the  Asso- 
ciation  had  its  ninth  meeting  in  Providence,  and  the  hospitable 
reception  then  given  to  it  and  the  hearty  appreciation  felt  for 
its  labors  were  largely  due  to  his  influence.     The  members  ex- 
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pressed  their  gratitude  for  this  service  by  electing  him  as  the 
vice-president  for  the  next  meetings  in  Montreal;  but  the  death 
of  the  president-elect,  Professor  J.  W.  Bailey,  of  West  Point, 
called  Dr.  Caswell  to  the  chair.  At  this  large  representation  of 
the  science  of  the  continent  (the  only  meeting  which  has  taken 
place  outside  of  the  limits  of  the  United  States)  he  sustained  the 
credit  of  his  country  on  a  foreign  soil  by  his  dignified  presence 
and  his  manly  eloquence,  to  the  great  satisfaction  of  all  his  asso- 
ciates. At  such  a  time  and  in  such  a  position  Dr.  Caswell  ap- 
peared to  great  advantage.  By  his  dignity,  his  address,  and  his 
courtesy  he  was  eminently  qualified  to  be  a  presiding  oflScer; 
and  he  was  gifted  with  a  fluency,  a  felicity,  and  a  weight  of 
speech  which  rose  to  the  requirements  of  the  occasion.  At  the 
next  meeting  of  the  Association,  in  Baltimore,  the  president  and 
vice-president-elect  were  absent,  and  every  hand  was  uplifted  io 
favor  of  placing  Dr.  Caswell  again  in  the  chair.  Having  been 
called  to  preside  over  two  of  the  most  brilliant  gatherings  of  this 
scientific  body,  he  was  expected  to  discharge  the  last  duty  of  a 
retiring  president  by  giving  the  address  at  Springfield.  After 
showing  that  science  had  an  intellectual  value  far  transcending 
its  practical  use,  he  discussed  the  objects,  the  opportunities,  and 
the  hopes  of  science  in  America,  drawing  his  illustrations  chiefly 
from  astronomy,  partly  because  it  was  his  favorite  study  and 
[)artly  ])ecaus(»  it  had  the  start  of  all  others  in  material  resources. 
In  this  excellent  address,  admirable  in  thought,  spirit,  and  style. 
Dr.  Caswell  reiterates  his  conviction  that  genuine  science  is  not 
imfriendly  to  religion.  **We  participate  in  no  such  fear.  We 
wish  explicitly  to  exonerate  this  Association  from  all  suspicion 
of  undermining,  or  in  any  manner  weakening,  the  foundations 
of  that  faith  which  an  apostle  says  was  once  delivered  to  the 
saints.  We  cannot  admit  the  opinion  that  any  progress  in  science 
will  ever  operate  to  the  disparagement  of  that  devout  homage 
which  we  all  owe  to  Him  in  whose  hand  our  breath  is,  and  whose 
are  all  our  wavs.  Science,  on  the  contrary,  lends  its  sanction 
and  adds  the  weight  of  its  authority  to  the  sublime  teachers  of 
revelation." 

In  this  connection,  two  other  scientific  publications  of  Dr. 
Caswell  may  be  mentioned:  1.  On  Zinc  as  a  Covering  for  Build- 
ings:  "AuRTicaii   Journal   of   Science,''    IS.'H  :    11.    Keview  of 
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NichoFs  Architecture  of  the  Heavens;  "Christian  Review,"  1841. 
Dr.  Caswell  was  elected  an  Associate  Fellow  of  this  Academv*  in 
1850.  He  was  one  of  the  original  members  of  the  National 
Academv  of  Sciences.  He  wrote  for  that  bodv  a  memoir  of  that 
worthy  pioneer  in  American  science,  Benjamin  Silliman,  which 
has  been  printed  in  one  of  its  volumes  of  Proceedings. 

In  this  retrospect  of  the  life  and  labors  of  Dr.  Caswell  he  has 
been  seen  almost  exclusively  in  his  professional  relations  as  the 
student  and  teacher  of  science.  And  here  his  mind  took  more 
delight  in  ranging  over  a  wide  field  than  in  dissecting  some  single 
flower  or  tracing  the  path  of  a  solitary  molecule,  although  that 
may  be  a  microcosm  in  itself.  He  could  not  have  become  one  of 
Berkeley's  minute  philosophers.  He  was  no  specialist,  though 
he  was  never  superficial.  If  he  was  not  himself  an  original  dis- 
coverer, he  understood  and  admired  the  discoveries  of  others,  and 
led  others  to  do  likewise.  At  one  time  he  taught  Butler's  Anal- 
ogy at  the  university,  and  with  as  fresh  an  enthusiasm  as  if  that 
alone  had  been  the  chosen  work  of  his  life.  And  wherever  there 
was  a  gap  in  the  means  of  instruction,  he  was  the  person  thought 
to  be  fitted  to  fill  it.  His  whole  nature  revolted  at  the  suggestion 
of  becoming  a  book-worm  or  a  secluded  student.  He  was  em- 
phatically a  man  of  the  world,  though  not  of  it.  He  was  inter- 
ested in  trade,  manufactures,  and  finance.  He  was  a  good 
citizen,  and  took  an  active  part  in  promoting  the  industrial,  in- 
tellectual, and  moral  welfare  of  his  city,  his  State,  and  the  whole 
country.  His  sympathies  were  deep  and  generous.  Always  wel- 
comed in  the  circles  of  the  refined  and  educated,  he  will  be  no 
loss  missed  in  the  homes  of  the  poor  and  the  unfortunate.  His 
heart  and  mind  and  strength  were  liberally  expended  in  the  ad- 
ministration of  the  public  charities  of  the  city  and  State. 

Dr.  Caswell  was  an  earnest  speaker,  and  a  clear,  warm,  and 
vigorous  writer.  To  his  publications  already  mentioned  may  be 
added:  T.  <^  B  K  oration  in  1835.  II.  Review  of  Whewell's 
Bridgewater  Treatise:  "Christian  Review,"  1836.  III.  Article 
on  Emulation ;  "North  American  Review,"  1836.  IV.  Address 
at  the  funeral  of  Rev.  J.  N.  Granger,  1857.  V.  Memoir  of  John 
Barstow.  VI.  Sermon  on  the  Life  and  Christian  Work  of  Dr. 
Francis  Wavland. 
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Truly  was  it  said  of  Dr.  Caswell,  at  his  funeral,  that  nature 
did  much  for  him,  but  that  grace  had  done  even  more.  Firm 
and  earnest  in  his  own  religious  convictions,  inflexible  in  his  own 
peculiar  theology,  he  had  no  taint  of  illiberality  in  his  intellect 
or  his  heart,  ever  abounding  in  that  Christian  charity  which 
thinketh  no  evil  of  any  who  conscientiously  worshiped  the  same 
God  from  a  different  altar.  He  had  mingled  in  the  affairs  of 
practical  life  more  than  usually  happens  to  an  academic  career, but 
the  purity,  the  integrity,  and  the  simplicity  of  his  character  were 
superior  to  its  surroundings,  and  to  the  end  he  seemed  as  much 
in  place  in  the  pulpit  as  if  he  had  never  left  the  profession  of  his 
early  choice.  There  was  no  austerity  in  his  goodness;  hence  it 
attracted  those  who  could  not  have  been  driven.  Sweet  in  tem- 
per, cheerful  in  disposition,  gentle,  affectionate,  affable,  hospita- 
ble, he  was  happy  in  his  life,  and  even  more  happy  in  his  death. 
After  his  long  day,  in  which  he  had  not  labored  in  vain,  his  stm 
went  suddenly  down  in  a  cloudless  sk}\  And  behold  the  end  of 
such  a  man :  it  is  all  honor,  and  affection,  and  peace.  The  press, 
the  university,  the  chiirch,  and  the  State  have  borne  witness  to 
the  excellence  of  his  character  and  the  usefulness  of  his  life. 
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BIOGRAPHICAL  MEMOIR  OF  JOSIAH  WILLAKD  GIBBS. 


JosiAH  WiLLAHD  GiBBS  was  boni  in  New  Haven,  February 
11,  1839,  and  jiied  in  the  same  city  on  April  28,  1903;  and 
New  Haven  remained  his  home  during  his  whole  life,  for  the 
only  long  absence  from  it  was  that  of  his  period  of  study  in 
France  and  in  Germany  which  immediately  followed  his  early 
experience  as  a  teacher.  Thus  he  was  peculiarly  identified 
with  the  intellectual  life  of  New  Haven  and  of  Yale  University, 
for  no  part  of  his  education  could  have  been  regarded  as  unin- 
fluenced by  tliat  ancient  institution  which,  for  the  long  period  of 
thirty-seven  years,  counted  his  father  a  member  of  its  faculty 
and  which  has  always  been  dominant  in  shaping  the  methods  of 
the  Hopkins  Grammar  School,  where  his  earlier  studies  were 
pursued.  From  this  school  he  entered  college  in  1854,  and 
rei*eived  his  bachelor's  degree  in  1858  with  a  record  of  distinc- 
tion in  Latin  and  in  Mathematics.  For  five  years  after  grad- 
uation he  pursued  studies  in  his  chosen  field,  acquired  the 
honor  of  a  doctorate  in  1863,  and  accepted  an  appointment  as 
tutor  in  Yale  College.  That  he  taught  Latin  for  two  years  and 
Natural  Philosophy  for  the  third  and  last  of  the  years  in  which 
he  retained  this  position  should  not  lead  one  to  think  that  his 
tastes  at  that  time  were  unformed,  nor  that  they  were  equally 
divided  between  two  fields  of  thought  so  diverse.  It  is  to  be 
looked  upon  rather  as  a  curious  illustration  of  a  former  condi- 
tion in  our  higher  institutions  of  learning,  when  every  distin- 
guished graduate  was  supposed  equally  capable  of  teaching  any 
subject  pursued  by  undergraduates.  At  the  end  of  the  period 
of  appointment  he  went  to  Europe  for  study,  passing  the  winter 
of  1866-7  in  Paris  and  the  following  year  in  Berlin.  In  1868 
he  was  in  Heidelberg;  and  he  returned  to  New  Haven  in  1869. 
Two  years  later  he  received  an  appointment  to  the  professorship 
of  Mathematical  Physics  in  Yale  College,  a  position  which  he 
retained  until  his  death. 

Professor  Gil)l)s,  during  his  first  year  in  this  newly  estab- 
lished chair,  had  only  two  pupils,  both  now  professors  in 
Yale  University  and  both  members  of  the  Academy.     In  the 
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choice  of  work  for  this  little  class  he  was  absolutely  untram- 
melod  either  by  precedent  or  by  expressed  preference  of  his 
pupils;  hence  the  character  of  his  teaching  possesses  a  peculiar 
interest  as  an  indication  of  the  contemporary  state  of  his  scien- 
tific development  which,  perhaps,  would  be  sought  in  vain  else- 
where. The  text  of  his  choice  was  the  Traite  de  Mecaniquc  of 
Poisson,  and  the  works  most  frequently  quoted  were  those  of 
Fresnel  and  of  Cauchy.  His  lectures  were  for  a  considerable 
period  confined  to  an  exposition  of  the  theories  of  Fresnel  con- 
cerning diffraction,  polarization,  and  the  generalized  laws  of 
reflection;  but  this  was  followed  by  a  remarkably  interesting 
general  treatment  of  waves,  which,  in  successive  chapters,  was 
applied  to  a  discussion  of  various  types,  such  as  water  waves  and 
tliose  of  light  at  the  boundary  in  cases  of  total  reflection.  Tx)ng 
after  this  period  one  of  hia  pupils  extorted  from  him  a  condi- 
tional promise  that  he  would  publish  this  work  on  waves  in  book 
form,  and  it  is  much  to  be  regretted  that  he  never  found  a  con- 
venient time  to  do  so;  but  there  is  little  doubt  that  the  in- 
superable difficulties  in  the  mechanical  explanation  of  double 
refraction  forced  themselves  upon  his  mind  at  this  time  and 
turned  his  attention  in  a  direction  which  led  him  later  to  his 
powerful  support  of  the  electro-magnetic  theory  of  light.  Cer- 
tain it  is  that  at  this  period  of  1871-3  Professor  Oibbs  showed 
his  chi(»f  interest  in  the  domain  of  physical  optics,  and  that  his 
inspirations  from  without  were  derived  from  the  French  school 
of  philosoplicTs  rather  than  from  the  German. 

In  the  following  year,  1872-3,  Professor  Gibbs  chose  a  little 
work  by  Clausius,  on  the  potential  theory,  as  the  basis  of  his  lec- 
tures, a  fact  which  is  worth  recording  because  it  indicates  that 
he  had  become  acquainted  with  the  writings  of  a  physicist  whose 
work  he  was  shortly  to  extend  in  so  remarkable  a  manner;  for 
it  was  in  April  and  May  of  1873  that  he  presented  before  the 
Connecticut  Academy  the  first  of  the  paj)ers  on  the  mechanics 
of  heat  which  have  established  his  eminence  for  all  time ;  and 
the  iminodiate  object  of  the  pa|)cr,  entitled  ^'Graphical  Methods 
in  the  Thermodynamics  .of  Fluids,''  was  to  exhibit  the  fruitful- 
noss  of  the  (•once{)tion  of  entropy,  introduced  by  Clausius. 

It  is  not  a  little  singular  that  a  man  of  such  transcendent  in- 
tellectual gifts,  and  one  whose  tastes  for  physical  science  were  so 
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pronounced,  should  have  exhibited  no  desire  to  publish  the  re- 
sults of  his  studies  until  he  had  attained  such  maturity;  but 
from  this  epoch  until  his  death,  few  years  passed  without  his 
having  contributed  a  paper  of  lasting  importance  either  to 
physical  science  or  mathematics.  Perhaps  the  fact  that  the 
name  of  Professor  Gibbs  did  not  recur  with  greater  frequency 
in  current  scientific  literature  caused  some  of  his  contemporaries 
to  hold  a  false  opinion  of  his  fertility,  but  an  inspection  of  his 
collected  papers*  would  dispel  every  such  impression.  The  ex- 
liaustive  thoroughness  with  which  every  subject  of  his  studies  is 
there  treated,  as  well  as  the  absolute  extent  of  his  longer  papers, 
imply  vast  and  systematic  industry. 

The  publication  of  these  volumes  brought  forth  many  reviews 
and  critical  comments  on  the  life  and  works  of  this  eminent 
scholar  from  some  of  the  leading  physicists  of  the  world  ;t  but 
no  one  has  been  so  advantageously  situated  or  so  successful  in  a 
general  review  of  the  aims  and  scope  of  these  recondite  papers 
as  Professor  Henry  A.  Bumstead.  For  years  a  follower  of  the 
later  lectures  of  Professor  Gibbs,  he  became  afterward  a  col- 
league and  a  joint  editor  with  Dr.  Ralph  Gibbs  Van  Name  of 
the  two  volumes  of  collected  papers;  and  it  is  not  probable  that 
any  later  writer  on  this  subject  will  be  able  to  add  greatly  to  the 
extended  and  sympathetic  review  which  prefaces  the  first  volume 
of  the  Scientific  Papers,  nor  would  any  admirer  of  the  eminent 
scientist  desire  to  see  it  curtailed.     It  reads  as  follows: 


♦The  Scientific  Papers  of  J.  Willard  Gibbs.  Longmans.  Green  & 
Ck).,  London,  New  York,  and  Bombay;  2  volumes,  8**,  1906. 

f Reference  may  be  specifically  made  to  the  following: 

Professor  Joseph  Larmor,  London  Times,  Literary  Supplement, 
March  22.  1907. 

Professor  C.  S.  Peirce,  The  Nation,  January  7,  1907. 

Professor  J.  H.  Jeans,  American  Journal  of  Science,  February. 
1907. 

An  unnamed  writer  in  the  Bulletin  des  Sciences  Math^matlque : 
Aout  1907. 

Besides  these  appeared  numerous  shorter  notices  in  the  current 
journals  of  that  year  devoted  to  physics  and  to  mathematics. 

With  this  list  might  be  mentioned  the  earlier  memorial  essay  on 
Josiah  Willard  Gibbs.  by  Professor  C.  Alasia,  in  tlie  Revista  dl 
Fisica,  Mathematica,  e  Scienza  Naturali ;  Pavia,  1905. 
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It  was  not  until  1873,  when  he  was  thirty-four  years  old, 
that  ho  gave  to  tlie  world,  by  publication,  evidence  of  his  ex- 
traordinary powers  as  an  investigator  in  mathematical  physic?. 
In  that  year  two  papers  appeared  in  the  Transactions  of  the 
Connecticut  Academy,  the  first  being  entitled  ^'Graphical  Meth- 
ods in  the  Thermodynamics  of  Fluids,"  and  the  second  "A 
Method  of  Geometrical  l^epresentation  of  the  Thermodynamic 
Properties  of  Substances  by  Means  of  Surfaces."  These  were 
followed  in  18T6  and  1878  by  the  two  parts  of  the  great  paper 
"On  the  Equilibrium  of  Heterogeneous  Substances,"  which  is 
generally,  and  probably  rightly,  considered  his  most  important 
contribution  to  physical  science,  and  which  is  unquestionably 
among  the  greatest  and  most  enduring  monuments  of  the  won- 
derful scientific  activity  of  the  nineteenth  century.  The  first 
two  pa[)ers  of  tliis  series,  although  somewhat  overshadowed  by 
tlie  third,  are  tliems(?lvos  very  remarkable  and  valuable  contribu- 
tions to  the  thcH)ry  of  thermodynamics;  they  have  proved  useful 
and  fertile  in  many  direct  ways  and,  in  addition,  it  is  difficult 
to  see  how,  without  them,  tlie  third  could  have  been  written.  In 
logical  development  tlie  three  are  very  closely  connected,  and 
methods  first  lirought  forward  in  the  earlier  papers  are  used 
continually  in  the  third. 

Professor  Gibbs  was  much  inclined  to  the  use  of  geometrical 
illustrations,  which  he  employed  as  symbols  and  aids  to  the 
imaginaticm,  rather  than  tlic  mechanical  models  which  have 
served  so  many  great  investigators;  such  models  are  seldom  in 
co7iij)letc  corr(^s].)()iulence  with  the  ])hen()mena  they  represent, 
and  Professor  (lihhs's  tendency  toward  rit^corous  logic  was  such 
that  the  discrepancies  ap]»arently  destroyed  for  him  the  uscful- 
ni»ss  of  tile  model.  Accordingly  he  usually  had  recourse  to  the 
geometrical  re])resentation  of  his  equations,  and  this  method 
he  used  with  great  ease  and  ])ower.  With  this  inclination,  it 
is  ])r()bahle  that  he  made  mucli  use,  in  his  study  of  thenno- 
dynamics,  of  the  volume-pressure  diagram,  the  only  one  which, 
up  to  that  time,  had  ])ocn  used  extensively.  To  those  who  are 
ac([uainted  witli  the  completeness  of  his  investigation  of  any 
sul)ject  which  interested  him,  it  is  not  surprising  that  his  first 
published  pnper  should  liave  been  a  careful  study  of  all  the 
dilftTont  diagrams  which  seemed  to  luive  any  chance  of  being 
useful.  Of  the  new  diagrams  which  he  first  described  in  this 
pjijM'r,  th<'  sim])lest.  in  some  res])ects.  is  that  in  which  entropy 
and  Icinpcratiire  arc  taken  as  coiJrdinates :  in  this,  as  in  the 
familiar  v()luiiie-])ros.<un»  diagram,  the  work  or  heat  of  any  cycle 
is  proj^orlional  to  its  nrea  in  any  ])art  of  the  plane;  for  many 
j)urpos(s  it  is  far  more  perspicuous  tiian  the  older  diagram,  and 
it  has  found  mosi  important  [»ractical  applit-ations  in  the  study 
of  the  slcam  entrinc.    The  diai^^ram,  however,  to  which  Professor 
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Gibbs  gave  most  attention  was  the  volume-entropy  diagram, 
which  presents  many  advantages  when  the  properties  of  bodies 
are  to  be  studied,  ratlier  than  the  work  they  do  or  the  heat  they 
give  out.  The  chief  reason  for  this  superiority  is  that  volume 
and  entropy  are  both  proportional  to  the  quantity  of  substance, 
while  pressure  and  temperature  are  not;  the  representation  of 
coexistent  states  is  thus  especially  clear,  and  for  many  purposes 
the  gain  in  this  direction  more  than  coimterbalances  the  loss  due 
to  the  variability  of  the  scale  of  work  and  heat.  No  diagram  of 
constant  scale  can,  for  example,  adequately  represent  the  triple 
state  where  solid,  liquid,  and  vapor  are  all  present ;  nor,  without 
confusion,  can  it  represent  the  states  of  a  substance  which,  like 
water,  has  a  maximum  density ;  in  these  and  in  many  other  cases 
the  volume-entropy  diagram  is  superior  in  distinctness  and  con- 
venience. 

In  the  second  paper  the  consideration  of  graphical  methods 
in  thermod}Tiamics  was  extended  to  diagrams  in  three  dimen- 
sions. James  Thomson  had  already  made  this  extension  to  the 
volume-pressure  diagram  by  erecting  the  temperature  as  the 
third  coordinate,  these  three  immediately  cognizable  quantities 
giving  a  surface  whose  interpretation  is  most  simple  from  ele- 
mentary considerations,  but  which,  for  several  reasons,  is  far 
less  convenient  and  fertile  of  results  than  one  in  whigh  the  co- 
ordinates are  thermodynamic  quantities  less  directly  known. 
Tn  fact,  if  the  general  relation  between  the  volume,  entropy 
and  energy  of  any  body  is  known,  the  relation  between  the 
volume,  pressure,  and  temperature  may  be  immediately  deduced 
by  differentiation;  but  the  converse  is  not  true,  and  thus  a 
knowledge  of  the  former  relation  gives  more  complete  informa- 
tion of  the  properties  of  a  substance  than  a  knowledge  of  the 
latter.  Accordingly  Gibbs  chooses  as  the  three  coordinates  the 
volume,  entropy,  and  energy,  and,  in  a  masterly  manner,  pro- 
coeds  to  develop  the  properties  of  the  resulting  surface,  the  geo- 
metrical conditions  for  equilibrium,  the  criteria  for  its  stability 
or  instability,  the  conditions  for  coexistent  states  and  for  the 
critical  state;  and  he  points  out,  in  several  examples,  the  great 
power  of  this  method  for  the  solution  of  thermodraamic  prob- 
lems. The  exceptional  importance  and  beauty  of  this  work 
by  a  hitherto  imknown  writer  was  imm(Mliately  recognized  by 
Maxwell,  who,  in  the  last  years  of  his  life,  spent  considerable 
time  in  carefully  constructing,  with  his  o^vn  hands,  a  model  of 
this  surface,  a  cast  of  which,  very  shortly  before  his  death,  he 
sent  to  Professor  Gibbs. 

One  property  of  this  throe  dimensional  diagram  (analogous 
to  that  mentioned  in  the  case  of  the  plane  volume-entropy  dia- 
gram) proved  to  be  of  capital  importance  in  the  development  of 
Gibbs's  future  work  in  thermodynamics;  the  volume,  entropy, 
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than  the  results,  and  perhaps  of  even  greater  service  to  Bcienoe, 
are  the  methods  by  which  they  were  attained;  these  do  not  de- 
pend upon  special  hyix)theses  as  to  tlie  constitution  of  matter  or 
any  81  mi  la  r  assumption,  but  the  whole  system  rests  directly  upon 
the  truth  of  certain  experiential  laws  which  possess  a  very  high 
degree  of  probability.  To  have  obtained  the  results  embodied 
in  these  papers  in  any  manner  would  have  been  a  great  achieve- 
ment; that  they  M'ere  reached  by  a  method  of  such  logical  aus- 
terity is  a  still  greater  cause  for  wonder  and  admiration.  And 
it  gives  to  the  work  a  degree  of  certainty  and  an  assurance  of 
permanence,  in  form  and  matter,  which  is  not  often  found  in 
investigations  so  original  in  character. 

In  lecturing  to  students  upon  mathematical  physics,  espe- 
cially in  the  theory  of  electricity  and  magnetism.  Professor 
Gibbs  felt,  as  so  many  other  physicists  in  recent  years  have  done, 
the  desirability  of  a  vector  algebra  by  which  the  more  or  lees 
complicated  space  relations,  dealt  with  in  many  departments  of 
physics,  could  be  conveniently  and  perspicuously  expressed;  and 
this  desire  was  especially  active  in  him  on  account  of  his  natural 
tendency  toward  elegance  and  conciseness  of  mathematical 
method.  He  did  not,  however,  find  in  Hamilton's  system  of 
quaternions  an  instrument  altogether  suited  to  his  needs,  in  this 
respect  sharing  the  experience  of  other  investigators  who  have, 
of  late  years,  seemed  more  and  more  inclined,  for  practical  pur- 
poses, to  reject  the  quaternionic  analysis,  notwithstanding  its 
beauty  and  logical  completeness,  in  favor  of  a  simpler  and  more 
direct  treatment  of  the  subject.  For  the  use  of  his  students, 
Professor  Gibbs  privately  printed  in  1881  and  1884  a  very  con- 
cise account  of  the  vector  analysis  which  he  had  developed,  and 
this  pamphlet  was  to  some  extent  circulated  among  those  espe- 
cially interested  in  the  subject.  In  the  development  of  this  sys- 
tem the  author  had  been  led  to  study  deeply  the  Ausdehnungs- 
Jf'hre  of  (irassmann,  and  tlie  subject  of  multiple  algebra  in  gen- 
oral ;  those  investigations  intonated  him  greatly  up  to  the  time 
of  his  death,  and  he  has  often  remarked  that  he  had  more  pleas- 
ure in  the  study  of  multiple  algebra  than  in  any  other  of  his 
intollectual  activities.  His  rejection  of  quaternions,  and  his 
championship  of  Grassmann's  claim  to  be  considered  the  founder 
of  modern  algebra,  led  to  some  papers  of  a  somewhat  contro- 
vorsiiil  character,  most  of  which  appeared  in  the  columns  of 
Nature.  When  the  utility  of  his  system  as  an  instniment  for 
physical  rosonrch  liad  been  proved  by  twenty  years'  experience 
of  liiuisolf  and  of  his  pupils,  Professor  Gibbs  consented,  though 
sounnvliat  reluctantly,  to  its  formal  publication  in  much  more 
oxtondod  fonn  than  in  the  original  pamphlet.  As  he  was  at 
that  time  wholly  occupied  with  another  work,  the  task  of  pre- 
paring this  treatise  for  publication  was  entrusted  to  one  of  his 
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students,  Dr.  E.  B.  Wilson,  whose  very  successful  accomplish- 
ment of  the  work  entitles  him  to  the  gratitude  of  all  who  are 
interested  in  the  subject. 

The  reluctance  of  Professor  Gibbs  to  publish  his  system  of 
vector  analysis  certainly  did  uot  arise  from  any  doubt  in  his  own 
mind  as  to  its  utility,  or  the  desirability  of  its  being  more  widely 
employed;  it  seemed  rather  to  be  due  to  the  feeling  that  it  was 
not  an  original  contribution  to  mathematics,  but  was  rather  an 
adaptation  for  special  purposes  of  the  work  of  others.  Of  many 
portions  of  the  work  this  is  of  course  necessarily  true,  and  it  is 
rather  by  the  selection  of  methods  and  by  systematization  of  the 
presentation  that  the  author  has  served  the  cause  .of  vector 
analysis.  But  in  the  treatment  of  the  linear  vector  function  and 
the  theory  of  dyadics  to  which  this  leads,  a  distinct  advance  was 
made  which  was  of  consequence  not  only  in  the  more  restricted 
field  of  vector  analysis,  but  also  in  the  broader  theory  of  multiple 
algebra  in  general. 

Professor  Qibbs  was  much  interested  in  the  application  of 
vector  analysis  to  some  of  the  problems  of  astronomy,  and  gave 
examples  of  such  application  in  a  paper  "On  the  Determination 
of  Elliptic  Orbits  from  Three  Complete  Observations*'  (Memoirs 
of  the  National  Academy  of  Sciences,  Vol.  IV,  Pt.  2,  pp.  79- 
104).  The  methods  developed  in  this  paper  were  afterwards 
applied  by  Professors  W.  Beebe  and  A.  W.  Phillips*  to  the  com- 
putation of  the  orbit  of  Swift's  comet  (1880  V)  from  three  ob- 
servations, which  gave  a  very  critical  test  of  the  method.  They 
found  that  Gibbs's  method  possessed  distinct  advantages  over 
those  of  Gauss  and  Oppolzer,  the  convergence  of  the  successive 
approximations  was  more  rapid,  and  the  labor  of  preparing  the 
fundamental  equations  for  solution  much  less.  These  two  papers 
were  translated  by  Buchholz  and  incorporated  in  the  second 
edition  of  KJinkerfues's  Theoretische  Astronomie, 

Between  the  years  1882  and  1889,  five  papers  appeared  in  the 
American  Journal  of  Science  upon  certain  points  in  the  electro- 
magnetic theory  of  light  and  its  relations  to  the  various  elastic 
theories.  These  are  remarkable  for  the  entire  absence  of  special 
h}'])otheses  as  to  the  connection  between  ether  and  matter,  the 
only  supposition  made  as  to  the  constitution  of  matter  being  that 
it  is  fine-grained  with  reference  to  the  wave-length  of  light,  but 
not  infinitely  fine-grained,  and  that  it  does  disturb  in  some  man- 
ner the  electrical  fluxes  in  the  ether.     By  ^nethods  whose  sim- 

♦Astronomlcal  Journal,  Vol.  IX,  1889,  pp.  114-117,  121-124. 
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vent  hypotheses,  but  only  to  apply  the  laws  furnished  by  the 
science  of  electricity,  and  that  it  is  difficult  to  account  for  tlie 
coincidences  between  the  electrical  and  optical  properties  of 
media  unless  we  regard  the  motions  of  light  as  electrical."  Of 
all  the  arguments  (from  theoretical  grounds  alone)  for  excluding 
all  other  theories  of  light  except  the  electrical,  these  papers  fur- 
nish the  simplest,  most  philosophical,  and  most  conclusive  with 
which  the  present  writer  is  acquainted;  and  it  seems  likely  that 
the  considerations  advanced  in  them  would  have  sufficed  to  firmly 
establish  this  theory  even  if  the  experimental  discoveries  of 
Hertz  had  not  rendered  such  discussions  forever  unnecessary. 

In  his  last  work,  "Elementary  Principles  in  Statistical  Me- 
chanics," Professor  Gibbs  returned  to  a  theme  closely  connected 
with  the  subjects  of  his  earliest  publications.  In  these  he  had 
been  concerned  with  the  development  of  the  consequences  of  the 
laws  of  thermodynamics  which  are  accepted  as  given  by  experi- 
ence ;  in  this  empirical  form  of  the  science,  heat  and  mechanical 
energy  are  regarded  as  two  distinct  entities,  mutually  convertible 
of  course  with  certain  limitations,  but  essentially  different  in 
many  important  ways.  In  accordance  with  the  strong  tendency 
toward  unification  of  causes,  there  have  been  many  attempts  to 
bring  these  two  things  under  the  same  category ;  to  show,  in  fact, 
that  heat  is  nothing  more  than  the  purely  mechanical  energy  of 
the  minute  particles  of  which  all  sensible  matter  is  supposed  tq 
be  made  up,  and  that  the  extra-dynamical  laws  of  heat  are  con- 
sequences of  the  immense  number  of  independent  mechanical 
systems  in  any  body — a  number  so  great  that,  to  human  observa- 
tion, only  certain  averages  and  most  probable  effects  are  percept- 
ible. Yet  in  spite  of  dogmatic  assertions,  in  many  elementary 
l)ooks  and  popular  expositions,  that  ^Tieat  is  a  mode  of  molecular 
motion,"  these  attempts  have  not  been  entirely  successful,  and 
the  failure  has  been  signalized  by  Lord  Kelvin  as  one  of  the 
clouds  upon  the  history  of  science  in  the  nineteenth  century. 
Such  investigations  must  deal  with  the  mechanics  of  systems  of 
an  immense  number  of  degrees  of  freedom  and  (since  we  are 
quite  unable  in  our  experiments  to  identify  or  follow  individual 
particles),  in  order  to  compare  the  results  of  the  dynamical 
reasoning  with  observation,  the  processes  must  be  statistical  in 
character.  The  difficulties  of  such  processes  have  been  pointed 
out  more  than  once  by  MaxT^ell,  who,  in  a  passage  which  Pro- 
fessor Gibbs  often  quoted,  says  that  serious  errors  have  been 
made  in  such  inquiries  by  men  whose  competency  in  otlier 
branches  of  mathematics  was  unquestioned. 

On  account,  then,  of  the  difficulties  of  the  subject  and  of  the 
profound  importance  of  results  which  can  be  reached  by  no  other 
known  method,  it  is  of  the  utmost  consequence  that  the  principles 
and  processes  of  statistical  mechanics  should  be  put  upon  a  firm 
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and  certain  foundation.  That  this  has  now  been  accomplished 
there  can  )ni  no  doubt,  and  there  will  be  little  excuse  in  the  future 
for  a  repetition  of  the  errors  of  which  Maxwell  speaks ;  moreover, 
tJieorems  have  been  discovered  and  processes  devised  which  will 
render  easier  the  task  of  every  future  student  of  this  subject,  as 
tlie  work  of  Lagrange  did  in  the  case  of  ordinary  mechanics. 

The  greater  part  of  the  book  is  taken  up  with  this  general 
development  of  the  subject  without  special  reference  to  the  prob- 
lems of  rational  thermodynamics.  At  the  end  of  the  twelfth 
chapter  the  author  has  in  his  hands  a  far  more  perfect  weapon 
for  attacking  such  problems  than  any  previous  investigator  has 
possessed,  and  its  triumphant  use  in  the  last  three  chapters  shows 
that  such  purely  mechanical  sj-stems  as  he  has  been  considering 
will  exliibit,  to  human  perception,  properties  in  all  respects  anal- 
ogous to  tliose  which  we  actually  meet  with  in  thermodynamics. 
No  one  can  understandingly  read  the  thirteenth  chapter  without 
the  keenest  delight,  as  one  after  another  of  the  familiar  formnlse 
of  thermodynamics  appears  almost  spontaneously,  as  it  seems, 
from  the  consideration  of  purely  mechanical  systems.  But  it  is 
characteristic  of  the  author  that  he  should  be  more  impressed 
with  tlie  limitations  and  imperfections  of  his  work  than  with  its 
successes;  and  he  is  careful  to  say  (p.  166) :  '*But  it  should  be 
distinctly  stated  that,  if  the  results  obtained  when  the  numbers 
of  degrees  of  freedom  are  enormous  coincide  sensibly  with  the 
general  laws  of  thermodynamics,  however  interesting  and  signifi- 
cant this  coincidence  may  be,  we  are  still  far  from  having  ex- 
plained tlie  phenomena  of  nature  with  respect  to  these  laws. 
For,  as  compared  with  the  case  of  nature,  the  systems  which  we 
have  considered  are  of  an  ideal  simplicity.  Although  our  only 
assumption  is  that  we  are  considering  conservative  systems  of  a 
finite  number  of  degrees  of  freedom,  it  would  seem  that  this  is 
assuming  far  too  much,  so  far  as  the  bodies  of  nature  are  con- 
c(jrned.  The  phenomena  of  radiant  heat,  which  certainly  should 
not  l)e  neglected  in  any  complete  system  of  thermodynamics,  and 
the  electrical  phenomena  associated  with  the  combination  of 
atoms,  seem  to  show  that  the  hypothesis  of  a  finite  number  of  de- 
gree's of  freedom  is  inadequate  for  the  explanation  of  the  proper- 
ties of  bodies.''  While  this  is  undoubtedly  true,  it  should  also 
he  remenil)er(Ml  that,  in  no  department  of  physics,  have  the 
phenoTnena  of  nature  been  explained  with  the  completeness  that 
is  luM'o  indicated  as  desirable.  Tn  the  theories  of  electricity,  of 
li^^lit,  i'vcn  in  mechanics  itself,  only  certain  phenomena  are  con- 
sidorcd  which  really  nev(T  occur  alone.  In  the  present  state  of 
knowlcd*,'!^  such  partial  explanations  are  the  best  that  can  be  got, 
and,  in  addition,  the  problem  of  rational  thermodynamics  has, 
historically,  always  been  regarded  in  this  way.  Tn  a  matter  of 
such  difTicultv  no  positive  statement  should  be  made,  but  it  is 

380 


JOSIAH    WILLARD   GIBBS — HASTINGS 

the  linn  belief  of  the  present  writer  that  the  problem,  as  it  has 
always  been  understood,  has  been  successfully  solved  in  this 
work;  and  if  this  belief  is  correct,  one  of  the  great  deficiencies 
in  the  scientific  record  of  the  nineteenth  century  has  been  sup- 
plied in  the  first  year  of  the  twentieth. 

In  method  and  results,  this  part  of  the  work  is  more  general 
than  any  preceding  treatment  of  the  subject ;  it  is  in  no  sense  a 
treatise  on  the  kinetic  theory  of  gases,  and  the  results  obtained 
are  not  the  properties  of  any  one  form  of  matter,  but  the  general 
equations  of  thermodynamics  which  belong  to  all  forms  alike. 
This  corresponds  to  the  generality  of  the  hypotheses  in  which 
nothing  is  assumed  as  to  the  mechanical  nature  of  the  systems 
considered,  except  that  they  are  mechanical  and  obey  Lagrange's 
or  Hamilton's  equations.  In  this  respect  it  may  \ye  considered 
to  have  done  for  thermodynamics  what  Maxwell's  treatise  did 
for  electromagnetism,  and  we  may  say  (as  Poincare  has  said  of 
Maxwell)  that  Gibbs  has  not  sought  to  give  a  mechanical  expla- 
nation of  heat,  })ut  has  limited  his  task  to  demonstrating  that 
such  an  explanation  is  possible.  And  this  achievement  forms  a 
fitting  culmination  of  his  life's  work. 

Although  the  foregoing  review  demonstrates  a  vast  amount 
of  work,  one  must  not  conclude  that  it  is  an  exhaustive  catalogue 
of  Professor  Gibbs's  activities.  He  is  known  to  have  made  two 
interesting  inventions  in  applied  mechanics — one  a  brake  for 
railway  cars,  which  was  patented,*  and  another,  a  tjrpe  of  gov- 
ernor of  a  higher  order  of  approximation  to  astaticism  than  any 
of  its  predecessors,  which  was  constructed  in  the  machine  shop 
of  the  Sheffield  Scientific  School*  and  constitutes  a  valued  appa- 
ratus in  the  collection  of  the  Department  of  Physics.  These  inci- 
dents are  quite  suflScient  to  demonstrate  that  the  inventor  pos- 
sessed all  the  mental  qualifications  necessary  for  a  successful  ex- 
perimenter, and  to  render  one  curious  as  to  why  none  of  his  pul)- 
lished  works  includes  any  deductions  founded  upon  experimental 
investigations  of  his  own.  Doubtless  the  reason  is  to  be  found  in 
the  fact  that  he  was  living  iii  a  period  of  intense  activity  in  ex- 
perimental research  and  record,  so  that  he  found  abundant  mate- 
rial already  at  hand  to  supply  the  quantitative  data  upon  which 
he  based  his  philosoj)hical  deductions.  When  this  was  wanting, 
however,  no  one  in  the  circle  of  his  intimates  could  doubt  his 
capacity  for  supplying  a  deficiency  by  his  own  efforts.     When 
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he  was  engaged  upon  his  recondite  analysis  of  the  elastic  theories 
of  light  he  found  what  looked  like  a  possible  way  of  eluding  the 
very  great  difficulties  which  come  from  the  apparent  non-existence 
of  tlie  compressural  wave  system ;  the  tentative  explanation,  how- 
ever, involved  the  occurrence  of  certain  phenomena  in  specular 
reflection  whicli  had  never  been  seen  or,  at  least,  recorded.  As 
it  did  not  seem  to  him  that  such  negative  evidence  was  conclu- 
sive, he  constructed  an  apparatus  with  his  own  hands  so  perfectly 
adapted  to  the  end  in  view  that  his  observations  afforded  the 
proof  sought.  A  striking  light  is  thrown  upon  the  character  of 
the  great  physicist  by  the  fact  that  no  reference  to  this  theory, 
wliich  must  have  cost  much  critical  study,  appears  in  his 
writings,  nor  is  it  known  that  any  one  except  the  present  writer 
ever  saw  the  apparatus  and  made  the  experiment  for  which  it 
was  designed.  Its  only  lasting  effect  was  to  add  to  the  convic- 
tion, not  at  that  time  invincible,  that  the  electromagnetic  nature 
of  light  must  be  accepted  as  a  verity. 

As  a  member  of  the  faculty  of  Yale  University,  Professor  Qibbs 
constantly  exhibited  his  interest  in  his  work  as  an  educator  and 
manifested  a  reasonableness  in  his  opinions  no  less  striking 'than 
their  occasional  originality.  With  a  perfectly  courteous  attitude 
toward  those  who  differed  from  him,  he  never  hesitated  to  ex- 
press his  views  with  extraordinarily  clear  logic  and  admirable 
diction.  The  severest  criticisms  of  his  colleagues  were  that  his 
views  were  so  broad,  his  opinions  ccmcerning  important  questions 
so  carefully  thought  out  and  so  judicial,  that  he  often  lacked  the 
essential  qualities  of  an  advocate.  His  preferences  in  a  proposed 
course  of  action  wore  alwavs  obvious;  but  he  could  never  blind 
himself  to  the  advantages  of  a  different  course,  and  he  seemed 
impelled  to  argue  the  affair  as  candidly  with  his  associates  as  he 
did  with  himself.  To  one  who  knew  his  intellectual  methods  in 
pursuing  a  truth  in  the  domain  of  physics,  it  was  beautifully 
obvious  that  he  did  regard  the  administrative  labors  of  a  college 
faculty  as  a  department  of  the  exact  sciences.  When  it  became 
his  duty  to  express  an  ()j)inion  on  the  merits  of  a  candidate  for 
hiirhcr  academic  hoiiors,  ho  was  alwavs  kindlv ;  he  seemed  as  in- 
capable  of  entertain in<:  a  very  severe  judgment  of  the  intellectual 
(loficioncios  of  a  student  as  ho  was  of  holding  his  own  achieve- 
monts  too  highly.     Forlunatoly,  in  his  later  life,  at  least,  he  had 
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little  to  do  with  the  inevitable  disciplinary  work  of  the  college; 
but  had  he  been  called  upon,  -we  are  sure  that  his  tendency  woxdd 
always  have  been  to  err,  if  at  all,  upon  the  side  of  clemency. 

It  will  surprise  no  reader  of  the  numerous  biographical  notes 
concerning  Professor  Gibbs  to  learn  that  a  man  of  so  judicial  a 
temperament  was  a  very  successful  man  of  affairs.  Happily  for 
science,  his  position  in  the  University  was  not  such  as  to  render 
that  fact  conspicuous,  else  he  might  have  been  called  upon  for 
work  which,  in  view  of  his  consciousness  and  inherent  modesty, 
could  easily  have  seriously  interfered  with  'his  scientific  pursuits. 
He  did,  however,  give  his  services  as  a  trustee  to  the  affairs  of 
the  Hopkins  Grammar  School  of  New  Haven,  and  he  acted  for 
many  years  as  treasurer  of  its  funds,  which  had  come  down  in 
part  from  colonial  times. 

Nothing  is  more  difficult  in  a  biographical  memoir  than  to 
give  to  the  reader  a  definite  impression  of  the  personal  charac- 
teristics of  an  eminent  man,  of  those  characteristics  which  make 
the  man  in  the  eyes  of  such  of  his  contemporaries  as  are  unable 
to  estimate  him  by  his  works.  On  the  other  hand,  there  is  no 
more  legitimate  curiosity  than  that  which  prompts  us  to  seek 
such  information  about  a  man  who  has  impressed  himself  upon 
his  times  by  his  essential  greatness.  In  many  cases  a  mere 
accumulation  of  incidents  in  the  life  of  one  who  has  numerous 
points  of  contact  with  his  fellow-men  is  all  that  is  necessary  for 
a  discerning  reader;  but  with  one  whose  activities  are  chiefly 
intellectual  this  is  often  difficult,  and  particularly  so  with  Pro- 
fessor Gibbs,  who  seems  never  to  have  sought  or  desired  a  wide 
circle  of  acquaintances.  But  we  should  greatly  err  if  we  con- 
cluded from  this  that  Mr.  Gibbs  was  of  an  unsocial  nature.  To 
me  he  always  appeared  quite  the  opposite — ^perfectly  friendly 
and  approachable,  ready  to  talk  on  any  subject,  and  always 
equable,  he  exhibited  a  flattering  welcome  to  every  friend.  Effu- 
siveness was  as  foreign  to  his  nature  as  insincerity,  but  cordiality 
was  never  wanting.  He  laughed  readily  and  possessed  a  lively 
sense  of  humor.  Though  rarely  speaking  of  himself,  he  occa- 
sionally borrowed  an  example  or  an  illustration  from  his  personal 
experiences.  One  may  be  recorded  here,  not  only  because  of  his 
enjoyment  of  its  humor,  but  because  his  great  papers  on  thermo- 
dynamics, which  have  brought  him  undying  fame,  were  first  pub- 
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lished  by  the  scientific  society  which  received  the  curious  criti- 
cism. A  professor  at  the  University  of  Berlin  expressed  to  Mr. 
Gibbs,  when  he  was  there  in  1868  attending  various  lecture 
courses,  an  interest  in  the  Connecticut  Academy  of  Arts  and 
Sciences  at  New  Haven.  Mr.  Gibbs  gave  the  information  de- 
manded and  casually  stated  that  he  himself  was  a  member. 
This  prompted  the  German  scientist  to  the  remark  that  "its 
memberships  appear  to  be  pretty  freely  bestowed."  In  the  minds 
of  students  of  recent  history  of  science  this  story  must  awaken 
singular  reflections,  of  which  the  humorous  aspects  would,  per- 
liaps,  not  be  the  most  enduring.  Still,  although  keenly  alive  to 
the  pleasures  of  social  intercourse,  no  one  ever  lived  who  was  less 
dependent  upon  it.  He  seemed  to  have  absolutely  boundless 
resources  within  his  own  mind  which  would  meet  every  want, 
whether  for  work  or  for  pastime,  and  it  was  inevitable  that  such 
an  exalted  intellect  should  live  much  alone. 

No  qualities  of  Professor  Gibbs  impressed  his  sympathetic 
associates  and  his  pupils  more  than  his  serenity  and  apparent 
unconsciousness  of  his  intellectual  eminence.  Thoroughly  char- 
acteristic  and  delightful  is  the  remark  which  he  once  made  to  an 
intimate  friend  concerning  his  abilities  as  a  mathematician.  He 
said,  with  perfect  simplicity  and  candor,  ^If  I  have  had  any 
success  in  mathematical  physics,  it  is,  I  think,  because  I  have 
been  able  to  dodge  mathematical  diflBculties." 

josiah  Willard  Gibbs  was  a  member  of  a  family  which  had 
long  been  distinguished  for  its  scholars.  He  was  descended  from 
Rob(Tt  Gibbs,  the  fourth  son  of  Sir  Henry  Gibbs,  of  Honington, 
Warwickshire,  who  came  to  Boston  about  1658.  One  of  Robert 
Oihbs's  grandj^ons,  Honrs'  Gibbs,  in  1747  married  Katherine, 
(huighter  of  the  Hon.  Josiah  Willard,  secretary  of  the  Province 
of  Massachusetts.  Of  the  descendants  of  this  couple,  in  various 
parts  of  the  country,  no  fewer  than  six  have  borne  the  name 
Josiah  Willard  Gibbs.  On  his  father's  side  we  find  an  unbroken 
line  of  six  collcfr^'  graduates.  Five  of  these  were  graduates  of 
Flarvanl  -President  Samuel  Willard,  his  son  Josiah  Willard, 
(he  Ln'(^at-.'i:rand father,  grandfather,  and  father  of  the  elder  Pro- 
fessor (Jihhs,  who  was  himself  a  graduate  of  Yale.  Among  his 
mother's  ancestors  were  two  more  Yale  graduates,  one  of  whom, 
\\v\.  Jonathan  Dickinson,  was  the  first  president  of  the  College 
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Many  learned  societies  and  universities  have  conferred  their 
honors  upon  Professor  Gibbs  in  recognition  of  his  great  services 
to  science.  The  list  of  academies  and  societies  of  which  he  was 
a  member  inchides  the  Connecticut  Academy  of  Arts  and  Sci- 
ences, the  National  Academy  of  Sciences,  the  American  Philo- 
sophical Society,  the  Dutch  Society  of  Sciences,  Haarlem;  the 
Royal  Society  of  Sciences,  Gottingen;  the  Royal  Institution  of 
Great  Britain,  the  Cambridge  Philosophical  Society,  the  London 
Mathematical  Society,  the  Manchester  Literary  and  Philosophi- 
cal Society,  the  Royal  Academy  of  Amsterdam,  the  Royal  Society 
of  London,  the  Royal  Prussian  Academy  of  Berlin,  the  French 
Institute,  the  Physical  Society  of  London,  and  the  Bavarian 
Academy  of  Sciences.  He  was  the  recipient  of  honorary  degrees 
from  Williams  College,  and  from  the  universities  of  Erlangen, 
Princeton,  and  Christiania.  In  1881  he  received  the  Rumford 
Medal  from  the  American  Academy  of  Boston,  and  in  1901  the 
Copley  Medal  from  the  Royal  Society  of  London 
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BIOGRAPHICAL  MBMOIR  OF  ELLIOTT  COUES. 


P]lliott  Coues*  was  born  in  the  town  of  Portsmouth,  New 
Hampshire,  September  9,  1842,  and  died  in  the  Johns  Hopkins 
Hospital,  in  Baltimore,  Maryland,  December  25,  1899,  at  the  age 
of  57  years,  the  immediate  cause  of  death  being  a  grave  surgical 
operation  for  an  affection  of  the  throat.  He  was  a  son  of  Samuel 
Elliott  and  Charlotte  (Haven)  Coues. 

Dr.  Couesf  came  of  excellent  New  England  ancestry.  The 
first  of  the  Coues  line  to  settle  in  America  was  Peter  Coues, 
great-grandfather  of  Elliott  Coues,  who  was  bom  in  the  Parish 
of  Saint  Peters,  Island  of  Jersey,  Channel  Islands,  and  came  to 
Portsmouth,  New  Hampshire,  about  1735,  where  he  was  married 
November  4  of  the  same  year,  and  where  he  died  at  an  advanced 
age,  about  1783.  His  son,  grandfather  of  the  subject  of  this 
memoir,  was  Captain  Peter  Coues,  bom  in  Portsmouth,  New 
Hampshire,  July  30,  1736,  where  he  died  November  29,  1818, 
at  the  age  of  eighty-two  years.  In  early  life  he  was  a  sea  captain, 
and  for  a  time  an  officer  in  the  British  Navy,  but  he  returned  *o 
Portsmouth  some  time  before  the  beginning  of  the  American 
Revolution.  Here  he  spent  the  remainder  of  his  life,  becoming 
a  prominent  citizen  and  one  of  the  founders  of  the  Universalist 
Church  of  Portsmouth.  It  is  a  family  tradition  that  he  was  at 
one  time  sailing  master  of  the  famous  Royal  George,  which  cap- 
sized and  sank  in  the  roadstead  at  Spithead,  England,  in  August, 
1782.  A  number  of  Captain  Coues's  relatives  were  also  officers 
in  the  British  Navy. 

Dr.  Coues's  father,  Samuel  Elliott  Coues,  was  borai  in  Ports- 
mouth, New  Hampshire,  June  13,  1797,  and  died  there  July  3, 
1867.     In  early  life  he  was  a  merchant,  but  later,  for  many 

♦  Pronounced  Kom.  Cf.  the  Century  Cyclopedia  of  Names.  1804. 
p.  285. 

1 1  am  greatly  indebted  to  Mr.  Joseph  Foster,  of  Portsmonth,  N.  H., 
for  a  very  full  genealogical  history  of  Coues's  ancestry,  on  which  the 
following  brief  summary  is  wholly  based. 
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years,  held  an  appointment  in  the  Patent  OflSce  at  Washington, 
where  he  resided  from  1853  to  1866.  He  was  a  man  of  literary 
taste^  active  in  humanitarian  movements,  and  for  several  years 
was  president  of  the  American  Peace  Society.  He  was  the 
author  of  "Mechanical  Philosophy"  (Boston,  1851)  and  "Studies 
of  the  Earth,"  etc.  (Washington,  1860).  It  is  said  of  him  that 
he  had  "a  keen  perception  of  the  beauties  and  mysteries  of  nature 
and  an  ever-pervading  feeling  of  philanthropy." 

Dr.  Coues's  ancestry  on  his  mother's  side  is  traced  back,  on 
different  lines,  to  John  Mason  (d.  1635),  the  original  grantee  of 
New  Hampshire,  to  the  Appletons  and  Havens  of  Massachusetts, 
and  to  other  distinguished  New  England  families  (among  them 
to  Governor  Thomas  Dudley).  Charlotte  Haven  (Ladd)  Coues, 
Dr.  Coues's  mother,  was  a  direct  descendant  from  Daniel  Ladd, 
who  came  to  New  England  in  1633-1634,  and,  after  short  resi- 
dences at  Ipswich  and  Salisbury,  became  one  of  the  original  set- 
tlers of  Haverhill,  Massachusetts,  where  he  died  in  1693.  Coues's 
mother  survived  him  by  a  few  months,  dying  at  Brookline, 
Massachusetts,  July  4,  1900. 

Coues's  grandmother,  wife  of  Captain  Peter  Coues,  was  Re- 
becca Elliott,  a  daughter  of  Samuel  Elliott,  who  came  from 
Topsham,  Devonshire,  England,  and  was  married  at  Portsmouth, 
New  Hampshire,  May  6,  1761.  This  connection  is  the  source 
of  the  baptismal  name  Elliott  in  the  later  generations  of  the 
Coues  family. 

It  thus  appears  that  Dr.  Coues's  ancestry  was  partly  French 
and  partly  English.  His  forebears  on  the  English  side  in  Amer- 
ica were  among  the  earliest  settlers  of  New  England,  and  be- 
longed to  families  of  distinction,  there  being  among  them  a 
former  president  (Haven,  1749-1806)  of  Harvard  College.  It 
also  appears  that  his  immediate  predecessors  for  several  genera- 
tions were  all  residents  of  Portsmouth,  New  Hampshire. 

As  already  noted,  Dr.  Coues's  father  removed  with  his  family 
from  Portsmouth  to  Washington  in  1853,  when  Elliott  was 
eleven  years  old,  and  this  city  became  the  future  residence  of  the 
younger  Coues  until  his  death,  except  when  away  on  official 
duties  during  his  nearly  twenty  years'  service  in  the  medical 
coq^s  of  the  United  States  Army.  He  prepared  for  college  at 
Gonzaga  Seminary,  a  Jesuit  school  in  Washington,  and  later 
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entered  Columbian  College  of  that  city  (afterwards  called  Co- 
lumbian University  and  now  known  as  George  Washington 
University),  from  which  he  received  the  degree  of  A.  B.  in  1861 
and  M.  D.  from  its  medical  department  in  1863.  From  the  same 
institution  he  received  the  honorary  degree  of  A.  M.  in  1862  and 
that  of  Ph.  D.  in  1869.  Here  for  ten  years— 1877-1886— he 
acceptably  filled  the  chair  of  anatomy. 

In  1869  he  was  chosen  to  the  chair  of  zoology  and  comparative 
anatomy  at  Norwich  University,  Vermont,  which  position,  how- 
ever, he  was  unable  to  accept. 

His  military  career  began  in  1862,  when  he  enlisted  in  the 
United  States  Army  as  a  medical  cadet;  he  was  promoted  to 
acting  assistant  surgeon  in  1863,  and  to  assistant  surgeon  in 
1864,  serving  in  this  capacity  till  1881,  when  he  resigned  from 
the  army  to  devote  his  entire  time  to  scientific  and  literary  pur- 
suits. He  was  assigned  to  his  first  military  post  at  Port  Whip- 
ple, Arizona,  in  March,  1864,*  where  he  remained  for  sixteen 
months,  making  the  journey  from  Fort  Leavenworth  to  Santa 
F6,  New  Mexico,  by  mail  coach,  and  thence  to  Fort  Whipple  on 
liorseback,  traveling  with  the  military  command  to  wliich  he  was 
officially  attached.  During  his  assignment  to  Fort  Whipple  lie 
made  a  military  journey  from  Fort  Whipple  to  San  Pedro,  on 
the  coast  of  southern  California,  via  Fort  Mojave  and  Fort 
Yuma.f  Later  his  travels  in  the  service  of  the  Government 
gave  him  an  opportunity  to  become  personally  familiar  with  the 
physical  features  of  other  portions  of  the  West  while  it  was  still 
unchanged  by  the  inroads  of  civilization.  On  his  return  from 
Fort  Whipple  he  was  assigned  to  Fort  Macon,  North  Carolina, 

*  For  an  interesting  sketcli,  with  portrait,  of  Dr.-<Joue8  at  this  en- 
tlmsinstic  8taRe  of  his  ornithological  career,  see  a  paper  by  Captain 
C.  A.  Curtis,  U.  S.  A.  (retired),  entitled  **Coues  at  his  first  Army 
Post,"  published  in  "Bird-Lore"  in  1902  (Vol.  IV.  pp.  5-7),  together 
with  an  extract  from  Ck)ue»*s  journal,  referring  to  a  day's  march  In 
New  Mexico  (reprinted  from  the  "American  Naturalist."  Vol.  V,  June, 
1871,  pp.  199,  200). 

fThe  ornithological  results  of  his  Journey  from  Fort  Leavenworth 
to  Fort  Whipple  and  from  Fort  Whipple  to  the  Pacific  coast  are 
given  in  two  papers  published  in  "The  Ibis."  entitled  respectively 
"Ornithology  of  a  Prairie  Journey"  (Ibis,  April,  1865,  pp.  157-165) 
and  "From  Arizona  to  the  Pacific"  (Ibis,  July,  1866,  pp.  259-265). 
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and  afterwards  to  Fort  McHenry,  Baltimore,  Maryland.  In 
1873  he  was  ordered  to  Fort  Randall,  Dakota,  and  thence  as- 
signed (1873-1876)  as  surgeon  and  naturalist  to  the  United 
States  Northern  Boundary  Commission.  From  1876  to  1880  he 
was  detailed  as  secretary  and  naturalist  to  the  United  States 
Geological  and  Geographical  Survey  of  the  Territories,  under  the 
late  Dr.  F.  V.  Hay  den.  In  1880  he  was  again  ordered  to  Ari- 
zona, but  the  surroundings  of  a  post  surgeon  on  the  frontier 
were  so  incompatible  with  the  prosecution  of  the  scientific  work 
he  had  then  in  hand  that,  failing  to  receive  a  more  favorable 
assignment,  he  resigned  his  commission  and  returned  to  Wash- 
ington. 

Dr.  Coues  early  showed  a  strong  liking  for  natural  history 
pursuits,  and  especially  for  ornithology,  to  which  he  later  became 
passionately  devoted.  His  residence  in  Washington,  with  free 
access  to  the  collections  of  the  Smithsonian  Institution  and  inti- 
mate association  with  the  late  Professor  Baird  and  other  leading 
naturalists  connected  with  this  great  institution,  afforded  him 
the  incentive  and  opportunities  for  research  which  he  early  and 
enthusiastically  embraced.  His  first  technical  paper  was  "A 
Monograph  of  the  Tringeae  of  North  America,"  published  in 
the  Proceedings  of  the  Academy  of  Natural  Sciences  of  Phila- 
delphia in  July,  1861  (pp.  170-205),  when  he  was  only  nineteen 
years  old.  This  paper  was  notable  for  the  care  and  completeness 
with  which  the  subject  was  treated,  and  would  have  been  credit- 
able to  an  author  of  much  greater  experience.  It  fully  fore- 
sliadowed  the  high  character  of  his  subsequent  work  in  systematic 
ornithology. 

This  paper  was  followed  in  the  same  year  by  his  "Notes  on  the 
Ornithology  of  Labrador,"*  based  on  field  observations  and  col- 
lections made  by  him  on  a  visit  to  that  country  in  1860.  This 
was  succeeded  the  same  year  by  ^*A  Monograph  of  the  (Jenus 
^giothus,  with  Descriptions  of  new  Species,"f  and  the  following 
year  l)y  a  faiinistic  ])apor  (with  D.  Webster  Prentiss)  on  the 
birds  of  the  District  of  CoUimbia.I  and  the  beginning  of  a  series 


*  Proc.  Aoad.  Nat.  Sci.  Philadelphia,  1861,  pp.  215-257. 
t  Ihid.,  pp.  .'^73-300. 

t  Sixteenth  Ann.   Rept.   Smithsonian   Institution   for   1801    (1862), 
pp.  :500-421. 
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of  monographs  (1862-1868)  on  various  groups  of  water  birds,  as 
follows :  "Synopsis  of  the  North  American  Forms  of  the  Coljrm- 
bidsB  and  Podicipidse"  ;*  "Revision  of  the  Gulls  of  North  Amer- 
ica";! "A  Review  of  the  Terns  of  North  America";!  "Critical 
Review  of  the  Family  Procellariidae,"§  and  "A  Monograph  of 
the  Alcid8B."||  Here  may  also  be  mentioned  his  "Classification 
of  Water  Birds"  ;1[  his  "Studies  of  the  Tyrannidae,  Part  1.  Re- 
vision of  the  Species  of  Myiarchus"  ;**  and  his  "Material  for  a 
Monograph  of  the  SphenicidaB."f  f  During  this  same  decade  he 
also  published  several  papers  on  the  anatomy  of  birds.  J  t 

Dr.  Coues's  writings  cover  the  whole  field  of  ornithology,  and, 
including  reviews  and  short  notes  on  special  subjects,  number 
probably  more  than  five  hundred  titles,  but,  with  the  exception 
of  a  few  revisionary,  monographic,  and  bibliographical  papers, 
deal  almost  exclusively  with  the  birds  of  North  America  north  of 
Mexico.  His  greatest  service  to  ornithology  is,  beyond  question, 
his  "Key  to  North  American  Birds,"  the  first  edition  of  which 
appeared  in  1872  and  the  fifth  and  last  in  1903,  four  years  after 
the  author's  death.  This  edition  was  in  reality,  as  respects  the 
general  text,  the  third  revised  edition,  the  third  and  fourth  edi- 
tions being  reprints  of  the  second,  with  the  addition  of  important 
appendices. 

The  '*Key"  was  designed  as  a  popular  handbook  of  North 

•  Proc.  Acad.  Nat  Sci.  Philadelphia.  Vol.  XIV,  18C2,  pp.  226-233. 

t  Ibid,,  pp.  291-312 — an  abstract  of  a  monograph  published  In  full 
twelve  years  later  in  "Birds  of  the  Northwest,"  1874,  pp.  589-717. 

t  Ibid.,  pp.  535-559. 

§/&t<f..  Vol.  XVI,  18G4,  pp.  72-91,  116-144;  Vol.  XVIII,  1866,  pp. 
25-33,  134-197. 

II  Ibid.,  Vol.  XX.  1868,  pp.  2-81,  figs.  1-16 

t  Ibid.,  Vol.  XXI,  1869,  pp.  193-218, 

♦♦  Ibid.,  Vol.  XXIV,  1872,  pp.  56-81. 

tt  Ibid.,  pp.  170212,  pis.  iv,  v. 

$t  "The  Osteology  of  the  Colymbus  torquatus;  with  Notes  on  Its 
Myology."  Mem.  Boston  Soc.  Nat.  Hist.,  Vol.  I,  pt  ii,  1866,  pp.  131- 
172,  pi.  V,  and  2  text  figures. 

Blrd's-Eye  Views  [on  the  structure  of  the  eye  in  birds].  Amer- 
ican Naturalist,  Vol.  II,  18«8-69,  pp.  505-513,  571-583,  with  illustra- 
tions. 

Mechanism  of  Flexion  and  Extension  in  Birds'  Wings.  Proc. 
American  Assoc.  Adv.  Sci.,  Vol.  XX,  1871  (1872),  pp.  278-284,  with 
illustrations. 
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American  birds,  and  was  one  of  the  first  works  to  introduce  tlie 
"key"  method  of  botanical  manuals  into  zoology.  It  was  at  the 
same  time  a  taxonomic  revision  of  North  American  birds  from 
the  standpoint  of  a  competent  authority. 

The  first  edition  of  the  "Key"  contained  an  "Introduction"  of 
some  sixty  pages,  giving  a  general  accoimt  of  the  external  char- 
acters of  birds,  an  explanation  of  the  technical  terms  used  in 
ornithology,  a  concise  exposition  of  the  principles  of  classification 
and  nomenclature,  an  artificial  key  to  the  genera,  and  much 
other  information  useful  to  the  amateur.  A  systematic  synopsis 
of  North  American  birds  followed,  with  brief  descriptions  of  the 
species,  indications  of  their  geographical  distribution,  and  refer- 
ences to  leading  authorities.  By  skillful  use  of  language  and 
several  hundred  illustrations,  the  amount  of  text  was  reduced  to 
small  compass  without  serious  sacrifice  of  clearness.  The  higher 
groups  were  quite  fully  characterized,  and  a  synopsis  of  fossil 
North  American  birds  was  added.  Many  changes  in  classifica- 
tion were  introduced,  and  many  "species"  were  reduced  to  "varie- 
ties," this  being  before  the  days  of  trinomial  nomenclature. 

The  second  edition  (1884)  was  prepared  on  essentially  the 
same  lines,  but  it  was  entirely  rewritten  and  greatly  augmented, 
containing  twice  the  number  of  pages  and,  through  use  of 
smaller  type,  nearly  four  times  the  amount  of  matter,  and  a  lai^e 
increase  in  the  number  of  illustrations. 

The  "Key"  now  comprised  four  "Parts,"  namely:  Part  I, 
"Field  Ornithology,"  a  reprint,  with  slight  modifications,  of  a 
separate  work  issued  by  the  author  under  this  title  in  1871. 
Part  II,  "General  Ornithology,"  consisting  of  the  introductory 
matter  of  the  first  edition,  greatly  amplified,  with  the  further 
addition  of  nearly  one  hundred  pages  of  new  matter  on  the 
anatomy  of  birds.  Part  III,  ^'Systematic  Synopsis  of  North 
American  Birds,"  is  the  "Systematic  Synopsis"  of  the  first  edi- 
tion, greatly  extended  by  fuller  diagnoses  and  the  addition  of 
concise  l)iographies  of  tlu'  species.  Part  TV,  is  the  "Systematic 
Synopsis  of  the  fossil  Birds"  brought  down  to  date  and  the  sub- 
ject more  fully  presented.  The  nomenclature  is  materially 
changed  throughout,  some  twenty  or  more  groups  previously 
rated  by  him  as  subgenera  being  here  given  full  generic  rank,  en- 
tailing corresponding  changes  in  the  names  of  species. 
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The  four  parts  are  preceded  by  an  "Historical  Preface"  of 
twenty  pages  of  wholly  new  matter,  which  is  a  concise  history  of 
North  American  ornitholog}',  from  its  earliest  beginnings  in 
1612  to  the  year  1860.  The  history  is  divided  into  epochs  and 
periods,  and  the  work  and  impress  of  each  prominent  author  is 
briefly  and  judicially  weighed,  with  the  author's  usual  felicity  of 
characterization. 

The  third  edition  (1887)  is  the  same  as  the  second,  with  the 
addition  of  an  appendix  of  thirty  pages,  "exhibiting  the  nomen- 
clature of  the  American  Ornithologists'  Union  Check-List  in 
comparison  with  that  of  the  Key  and  including  descriptions  of 
additional  species,  etc.,"  the  American  Ornithologists'  Union 
Check-List  of  North  American  Birds  having  appeared  during 
the  interval  between  the  second  and  third  editions  of  the  "Key." 
The  names  employed  in  the  two  systems  are  arranged  in  paralld 
columns,  with  the  inter})olation  of  descriptions  of  some  sixty 
species  and  subspecies  not  previously  included  in  the  "Key." 

The  fourth  edition  (1890)  is  the  same  as  the  third,  with  the 
addition  of  a  second  appendix,  to  include  a  number  of  further 
additions  of  species  and  subspecies. 

•The  fifth  edition  (1903),  issued  in  two  volumes  instead  of 
one,  is  again  largely  a  new  work,  the  synoptic  portion  having 
been  wholly  rewritten  and  greatly  enlarged,  the  classification  and 
arrangement  considerably  altered,  and  the  nomenclature  revolu- 
tionized. This  being  the  first  revised  edition  of  the  "Key"  since 
the  appearance  of  the  American  Ornithologists'  Union  Check- 
Tjist  in  1885,  we  have  here  the  nomenclature  of  this  list,  which 
Dr.  Coues  did  so  much  to  shape,  for  the  first  time  adopted  in  the 
"Key,"  the  author  often  waiving  his  own  opinions  and  prefer- 
ences for  the  sake  of  conformity  with  the  Check-Iiist.  Many  of 
the  old  illustrations  were  discarded  and  hundreds  of  new  ones 
added,  made  expressly  for  the  work.  The  "Historical  Preface," 
the  "Field  Ornithology,"  and  the  "General  Ornithology"  are  the 
same  as  in  former  editions,  except  that  in  the  latter,  besides 
slight  verbal  changes  in  the  text,  much  new  matter  is  added. 
The  changes  in  Part  TTT,  besides  those  of  nomenclature  and  ar- 
rangement, consist  in  the  amplification  of  many  of  the  diagnoses, 
a  revision  of  the  ranges  of  the  species  and  subspecies,  the  addi- 
tion of  bibliographical  references,  many  vernacular  synonyms, 
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and  much  critical  and  historical  comment  on  questions  of  nomen- 
clature (almost  wholly  excluded  in  former  editions) ;  also  the 
characterizations  of  the  higher  groups  are  more  elaborate  and 
extended,  their  composition  and  relations  being  stated  with  mas- 
terly clearness  and  comprehensiveness.  As  stated  by  the  present 
writer  in  a  review  of  the  "Xew  Key,"  it  is  a  "masterpiece  of 
mature  ornithological  work,  which  alone  would  long  keep  green 
the  memory  of  its  gifted  author."  The  *^ey"  is  a  "well-known 
and  old  favorite,  whose  thirty  years  of  practical  usefulness  have 
won  for  it  unstinted  and  well-merited  praise,  and  in  its  new 
form  will  prove  for  many  years  to  come  a  boon  alike  to  the  ama- 
teur and  the  professional  student  of  North  American  birds. 
The  *Key'  of  1872  was  an  innovation  and  an  experiment  in 
ornithological  literature;  its  practicability  was  evident  from  the 
dutset,  and  it  proved  to  be  the  forerunner  of  almost  numberless 
successors  of  *key'  manuals  in  various  departments  of  zoology. 
The  author's  final  revision  of  this  greatest  of  his  many  contribu- 
tions to  ornithological  literature  will  make  a  new  generation  of 
bird  students  his  debtors  and  admirers."*  It  was  his  last  piece 
of  literary  work,  and  could  he  have  lived  to  carry  it  through  the 
press  its  publication  would  Jiave  been  not  only  less  delayed,  but 
the  work  would  have  had  the  benefit  of  his  final  touches. 

The  "Key"  was  recognized,  abroad  as  well  as  at  home,  as  a 
work  of  the  highest  excellence.  In  a  review  of  the  second  edition 
in  "The  Ibis"  (1885,  pp.  100,  101),  a  journal  not  noted  for  its 
use  of  superhitives  in  its  notices  of  current  literature,  the  follow- 
ing high  praise  is  accorded  the  "Key": 

*'It  is,  however,  to  Part  II  of  the  present  volume  that  we  must 
specially  direct  the  reader's  attention.  In  this  Part  there  is 
condensed  into  some  180  pages  a  more  complete  account  of  the 
structure  and  classification  of  birds,  brought  up  to  the  present 
standard  of  our  knowledge,  than  any  other  with  which  we  are 
acquainted.  *  *  *  So  miicli  information  that  cannot  be  got 
at  elsewhere  is  brought  togetlier  in  this  comprehensive  treatise, 
that  it  ought  to  be  in  the  hands  of  every  ornithologist,  whether 
lie  is  a  special  student  of  the  American  avifauna  or  not.  It  is,  in 
fact,  our  deliberate  opinion  that  Coues's  new  ^Key'  is,  as  one  of 
the  veteran  ornitholo<rii^ts  of  the  continent  has  tersely  put  it,  in 
a  j)rivate  letter,  'one  of  the  best  and  most  useful  bird  books  ever 
written  ;"  and  we  commend  it  to  our  readers  accordingly." 

♦  Auk,  Vol.  XXI,  1904,  p.  296. 
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Closely  conjoined  with  the  "Key  to  North  American  Birds'* 
are  three  other  publications  by  Dr.  Coues,  namely,  a  "Check- 
List  of  North  American  Birds,"  his  "Field  Ornithology,"  and  a 
second  edition  of  his  Check-List,  entitled  "The  Coues  Check- 
List  of  North  American  Birds,  Second  Edition." 

The  first  edition  of  the  Check-List  was  published  in  December, 
1873,  forming  a  brochure  of  137  pages,  and  a  bare  catalogue  of 
scientific  and  vernacular  names,  printed  in  thick  type  on  one 
side  of  the  paper,  with  critical  comment  in  footnotes  and  in  a 
15-page  appendix.  It  was  reissued  in  January,  1874,  with  the 
"Field  Ornithology."  The  Check-List  was  "prepared  in  strict 
accordance  with  the  Ke^  and  ^'reflects  exactly  whatever  of  truth 
or  error  that  work  represents."  As  said  by  the  author,  the  need 
of  a  new  check-list  was  urgent,  the  first  and  only  previous  check- 
list of  North  American  birds  being  that  of  Baird,  published  in 
1858.  In  the  meantime  great  changes  had  been  made,  through 
the  addition  of  some  fifty  species,  the  removal  of  many  as  extra- 
limital  or  invalid,  and  the  reduction  of  a  large  number  of  others 
to  the  rank  of  "varieties."  In  the  introduction  to  the  combined 
"Manual  of  Instruction  and  Check-List  of  Nori;h  American 
Birds,"  the  author  8a3rs : 

"In  the  present  state  of  our  knowledge,  and  under  a  system  of 
nomenclature  that  is  proven  inadequate  and  may  before  long  be- 
come obsolete,  recognition  of  numerous  Varieties' — resultant 
modifications  of  species  by  physical  conditions  of  environment — 
is  imperative;  and  what  are  these  varieties  but  the  rills  that  flow 
into  and  help  swell  the  mighty  stream  of  descent  with  modifica- 
tion?" . 

• 

Here  was  reflected  the  tendency,  already  prevailing  among  the 
leading  American  ornithologists  of  that  time,  to  reduce  the  status 
of  local  forms  from  species  to  "varieties"  (later  called  "sub- 
species"), such  a  reduction  being  for  the  first  time  consistently 
made  for  the  whole  ornis  in  the  first  edition  of  the  "Key." 

The  "Field  Ornithology"  and  ^'Check-List"  were  intended 
originally  to  form  part  of  the  first  edition  of  the  "Key,"  with 
which  the  "Field  Ornithology"  was  combined  in  all  of  the  later 
editions  of  that  work.  The  scope  and  purpose  of  the  "Field 
Ornithology"  is  well  indicated  by  the  subtitle,  "A  Manual  of  In- 
struction for  procuring,  preparing,  and  preserving  Birds."     It 
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was  divided  into  eight  chapters,  covering  such  subjects  as  col- 
lecting implements  and  their  use,  directions  and  suggestions  for 
field  work,  the  registration  and  labeling'  of  specimens,  the  prepa- 
ration of  birdskins,  determination  of  sex,  etc.,  and  the  care  of 
collections. 

The  instructions  here  offered  were  based  on  the  author's  many 
years  of  field  experience,  and  were  not  only  detailed  and  judi- 
cious, but  were  presented  with  a  familiarity  and  charm  of  ^tyle 
that  made  even  such  dry  details  attractive.  It  is  thus,  without 
dpubt,  one  of  the  most  useful  and  popular  manuals  of  ornitho- 
logical field  work  ever  put  forth. 

The  second  edition  of  the  "Coues  Check-List"  appeared  in 
1882,  a  royal  octavo  of  165  pages,  containing  as  an  appendix  a 
"Catalogue  of  the  Author's  Ornithological  Publications,  1861- 
1881,"  numbering  300  titles.  The  second  edition  is  a  very  dif- 
ferent work  from  the  first,  inasmuch  as  it  is  philological  as  well 
as  ornithological.  In  nomenclature  and  classification  the  second 
Check-List  is  a  faithful  reflection  of  the  second  edition  of  the 
"Key,"  and  holds  to  it  the  same  relation  that  the  first  Check- 
List  held  to  the  first  edition  of  the  "Key."  Furthermore,  it 
was  the  nomenclature  followed  in  all  subsequent  editions  of  the 
"Ke}^'  down  to  and  including  the  fourth,  published  in  1887, 
with  a  few  additions  and  slight  changes  in  the  appendices  to  the 
third  and  fourth  editions. 

Baird'a  Check-List,  published  in  1858,  included  722  species 
and  sul)speeios  (excluding  22  recognized  by  Baird  himself  as 
cxtraliniitnl)  :  the  first  Coues  Chock-List  (1872)  included  (with 
the  2H  <riveii  in  ihv  appendix)  778,  an  increase  of  66  over  the 
Baird  list;  tlie  second  Ones  Chock-List  (1882)  included  888, 
an  incroaso  of  100  over  tlio  Couos  list  of  1872. 

A  Che<"k-List  of  Xorth  American  birds  was  also  published  by 
Hidgway  in  1880.*  This  comprised  J)24  species  and  subspecies, 
of  wliich  37  were  admitted  by  tlie  author  to  be  extralimital,  leav- 
ing as  "Xortli  Anierican"  SS7,  or  one  loss  than  the  number  recog- 
nized by  Coues.     The  two  lists  are,  however,  very  unlike,  not 


*  "A  Cntnlo^uo  of  the  Birds  of  North  America."  By  Robert  Ridg- 
wjiy.  I'roe.  T'.  S.  Nat.  Mus.,  Vol.  III.  ISSO.  pp.  l«.S-24a  Also  separate, 
as:  "XomeiK-lature  of  Xorth  American  Birds,"  forming  **Hulletin  of 
the  T'nited  States  National  Museum,  No.  21,"  pp.  1-94,  1881. 
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only  as  regards  nomenclature,  but  in  the  species  and  subspecies 
(especially  the  latter)  admitted  or  excluded  by  the  two  authors. 
This  comparison  of  check-lists  connotes  in  a  general  way  the  ad- 
vance of  knowledge  of  the  forms  of  the  North  American  ornis 
for  the  twenty-four  years  between  1858  and  1882,  which  may  be 
taken  also  as  an  indication  of  the  general  advance  made  in  our 
knowledge  of  the  geographical  distribution  and  life  histories  of 
the  birds  of  North  America  north  of  Mexico. 

To  revert  now  to  the  second  Coues  Check-List:  According  to 
the  author,  the  changes  in  nomenclature  from  his  first  list  are 
numerous  and  in  many  instances  radical,  affecting  not  less  than 
150  cases,  while  the  changes  in  ornithological  status  arc  *'pro])a- 
bly  not  more  than  30.'*  Kespecting  this  edition  of  the  Check- 
List  he  says: 

"In  revising  the  list  for  the  main  purpose  of  determining  the 
ornithological  status  of  every  North  American  bird,  the  most 
scrupulous  attention  has  been  paid  to  the  matter  of  nomencla- 
ture, not  only  as  a  part  of  scientific  classification,  determining 
the  technical  relations  of  genera,  species,  and  varieties  to  each 
other,  but  also  involved  in  writing  and  speaking  the  names  of 
birds  correctly.  The  more  this  matter  was  scrutinized,  the  more 
evidences  of  inconsistency,  negligence,  or  ignorance  was  discov- 
ered in  our  habitual  use  of  names.  It  was  therefore  determined 
to  submit  the  current  catalogue  of  North  American  birds  to  a 
rigid  examination,  with  reference  to  the  spelling,  pronunciation, 
and  derivation  of  every  name — in  short,  to  revise  the  list  from  a 
philological  as  well  as  an  ornithological  standpoint.'' 

Accordingly  some  twelve  pages  are  devoted  to  the  philological 
phase  of  the  subject,  which  is  discussed  under  the  several  heads 
of  etymology,  orthography,  and  orihoepy.  After  explanations 
of  the  English,  Continental,  and  Roman  methods  of  pronuncia- 
tion, he  adopts  the  latter  to  the  extent  of  insisting  upon  "the 
Roman  sounds  of  the  vowels  and  diphthongs,  but  yields  the  point 
in  the  disputed  cases  of  certain  consonants." 

More  than  half  of  the  space  of  the  Check-List  is  occupied  by 
the  etymology,  pronunciation,  and  definition  of  the  technical 
names — an  instructive  and  imporiant  feature,  almost  unique  in 
such  a  connection ;  but  neither  his  emendations  of  names,  nor  his 
prescribed  Roman  pronunciations  made  much  impress  upon  the 
users  of  the  Check-List.     Indeed,  in  less  than  four  short  years 

407 


NATIONAt  ACADEMY  BlCXiRAPHICAI,  MEMOIRS — ^VOL.  VI 

the  American  Ornithologists^  Union,  through  a  committee  of 
which  he  was  chairman,  adopted  and  published,  in  the  interest 
of  stability  in  nomenclature,  a  rule  that  "the  original  orthogra- 
phy of  a  name  is  to  be  rigidly  preserved,  unless  a  typographical 
error  is  evident,"  and  a  check-list  of  North  American  birds  in 
which  this  rule  was  strictly  enforced.  Yet  Dr.  Coues,  in  all  the 
subsequent  editions  of  his  "Key"  and  in  his  other  works,  con- 
tinued to  employ  his  own  "corrected"  names ;  but  he  did  not  use 
in  private  conversation  nor  in  scientific  discussion  the  Roman 
method  of  pronunciation,  nor  did  he  introduce  it  into  any  edi- 
tion of  the  "Key." 

Although  he  was  loyal  (except  in  the  spelling  of  names)  to  the 
American  Ornithologists'  Union  "Code  of  Nomenclature"  and 
to  the  American  Ornithologists'  Union  Check-List,  which  on  its 
appearance  in  1886  immediately  supplanted  all  previous  check- 
lists of  North  American  birds,  he  properly  reserved  the  right  of 
individual  judgment  in  all  questions  of  ornithological  science. 
Thus,  in  the  preface  to  the  third  edition  of  the  "Key"  (1887) 
ho  says : 

"Uniformity  of  nomenclature  is  so  obvious  and  decided  a  prac- 
tical convenience  that  even  at  the  risk  of  seeming  to  laud  work 
in  which  he  had  a  hand,  the  author  cannot  too  strongly  urge 
compliance  with  the  Union's  code,  and  adherence  to  the  set  of 
names  the  Union  has  adopted.  These  may  not  be  the  best  pos- 
sible, but  they  are  the  best  we  have." 

In  the  ^'Appendix"  to  this  edition  of  the  '^ey,"  as  already 
noted,  he  gave  the  nomenclature  of  the  "Key"  and  the  American 
Ornithologists'  Union  Check-List  in  parallel  columns,  which 
made  the  occasion  for  any  display  of  dissent  or  criticism  of  that 
work  he  may  have  felt,  yet  this  "consists  chiefly  in  declining  to 
admit  to  the  'Key'  some  forms  that  the  American  Ornithologists' 
Union  committee  have  deemed  worthy  of  recognition  by  name.'* 
The  number  of  forms  he  saw  fit  at  this  time  to  exclude  is  not 
large,  and  nearly  all  were  admitted  by  him  in  his  later  (fifth) 
edition  of  the  "Key."  Yet  his  adhesion  to  purism  in  the  con- 
struction of  names,  despite  the  American  Ornithologists'  Union 
and  other  codes  of  nomenclature  to  the  contrarv,  continued  to 
the  end  and  proved  in  later  years  the  cause  of  estrangement  be- 
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tween  himself  and  some  of  his  (otherwise  and  formerly)  most 
esteemed  colleagues. 

In  his  first  check-list,  Coues  protested  against  the  use  of  "so 
many  needless  and  burdensome  generic  names,  ♦  *  *  adopted 
in  Baird^s  great  work/'  which  he  discarded  in  the  first  edition 
of  the  "Key/'  but  gradually  adopted  in  the  later  editions,  with 
others  proposed  in  the  meantime  by  himself  and  others,  in  ac- 
cordance with  the  prevailing  custom  of  recent  authorities. 

Other  important  ornithological  works  by  Dr.  Coues  are  his 
"Birds  of  the  Northwest/'  published  in  1874,  and  his  "Birds  of 
the  Colorado  Valley/'  published  in  1878,  both  in  the  'Ttfiscella- 
neous  Publications"  series  of  the  Hayden  Geological  Survey. 
The  first  of  these,  the  "Birds  of  the  Northwest:  A  Hand-book 
of  the  Ornithology  of  the  Region  drained  by  the  Missouri  Eiver 
and  its  Tributaries"  (8vo,  pp.  xii+791)  treats  primarily  of  the 
birds  of  the  Missouri  region  (about  450  species),  with  reference 
to  their  geographical  distribution,  habits,  and  synonymy,  and  the 
specimens  taken  on  various  expeditions  under  the  late  Dr.  P.  V. 
Hayden;  the  North  American  species  of  the  families  Laridie, 
Colymbidffi  (=Gaviid8B),  and  Podicipidae  (==  Colymbidse) , 
however,  being,  in  addition,  treated  monographically,  abstracts  of 
which  monographs  were  published  in  1862-1863.  Two  new  gen- 
era and  one  new  species  are  here  described,  and  there  are  various 
rectifications  of  nomenclature.  The  work  is  an  important  sum- 
mary of  the  ornithology  of  the  region  treated,  as  then  known, 
and  will  ever  remain  a  standard  work  of  reference. 

Here  may  also  be  mentioned  a  fourth  important  contribution 
to  the  ornithology  of  a  portion  of  this  general  region,  namely, 
his  'Tield  Notes  on  Birds  observed  in  Dakota  and  Montana 
along  the  Forty-ninth  Parallel  during  the  seasons  of  1873  and 
1874,"*  embodying  the  results  of  his  ornithological  field  work  as 
naturalist  to  the  United  States  Northern  Boundary  Commission. 
The  line  surveyed  extended  from  the  Red  Eiver  of  the  North  to 
the  Rock  Mountains,  a  distance  of  about  850  miles.  The  faunal 
characteristics  of  different  portions  of  the  route  are  compared, 
followed  by  a  systematic  list  of  the  species  observed,  with  the 

♦  Bull.  U.  8.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  IV,  No.  3.  July  29. 
1878,  pp.  545-66L 
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localities,  dates,  and  measurements  of  the  specimens  taken,  and 
extended  biographical  notes  on  many  of  the  species,  some  of 
which  were  previously  little  known,  resulting  altogether  in  a 
large  amount  of  wholly  new  information  about  the  birds  of  thia 
region. 

The  publication  of  the  "Birds  of  the  Colorado  Valley"'  (8vo, 
pp.  xvi+807,  figs.  70],  in  1878,  was  a  marked  event  in  the  litera- 
ture of  North  American  ornithology  and  added  immensely  to 
the  reputation  of  this  already  well-known  and  extremely  popular 
author.  The  subtitle  of  the  work,  "A  Repository  of  Scientific 
Information  concerning  North  American  Ornithology,"  is  fully 
justified  by  its  contents,  and  it  has  ever  been  sincerely  regretted, 
by  ornithological  amateurs  and  experts  alike,  that  the  "Part 
First,  Passeres  to  Laniidae,"  with  the  "Bibliographical  Appen- 
dix," is  the  only  portion  of  the  work  ever  published.  It  is  not 
too  much  to  say  that  this  volume  will  ever  remain  a  classic  in 
ornithological  literature.  The  biographical  portions  display  to 
the  fullest  Qoues's  wonderful  command  of  the  English  language, 
and  prove,  as  claimed  in  the  "Prefatory  Note"  (p.  vi) : 

"It  is  possible  to  make  natural  history  entertaining  and  at- 
tractive as  well  as  instructive,  with  no  loss  in  scientific  precision, 
but  with  great  gain  in  stimulating,  strengthening,  and  confirm- 
ing the  wholesome  influoneo  which  the  study  of  the  natural  sci- 
ences may  exert  upon  the  higher  grades  of  mental  culture;  nor 
is  it  a  matter  of  little  moment  to  so  shape  the  knowledge  which 
results  from  the  naturalist's  labors  tliat  its  increase  may  be  sus- 
ceptible of  the  widest  possible  diffusion." 

At  the  same  time,  the  technical  portions  of  the  work  measure 
up  to  the  highest  standards,  and  the  bil)liographical  appendix 
established  a  grade  of  cfliieiency  never  before  attained,  and  set  a 
model  for  the  emulation  of  all  future  natural  history  bibliogra- 
phers. 

This  work  is  a  systematic  treatise  on  the  birds  of  the  region 
drained  by  the  Colorado  River  (embracing  all  of  Arizona,  much 
of  New  ^Icxico,  Utah  and  Nevada,  and  portions  of  Colorado  and 
southern  California),  with  the  synonymy  and  bibliography 
(mostly  in  footnotes)  of  the  extralimital  North  American  species 
of  the  families  treated.  The  liiglier  groups  are  fully  characterized, 
and  their  relationships  elaborately  discussed,  as  nearly  as  possible 
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in  non-technical  phraseology;  full  descriptions  are  given  of  the 
external  characters  of  the  species,  with  exliaustive  tables  of  syn- 
onymy and  bibliographic  references,^  a  brief  statement  of  the 
ranges  of  the  species  and  "varieties,"  and  usually  extended 
biographies,  some  of  them  remarkable  for  their  literary  excel- 
lence, the  common-place  facts  of  bird-dom  being  often  infused 
with  a  flavoring  of  poetic  imagery.  Chapter  XIV,  on  the  Swal- 
lows (Hirundinidae),  is  ideal  in  its  combination  of  technical 
details  with  general  information,  arranged  under  sections  enti- 
tled :  "Names  of  Swallows,"  "General  Distribution  of  Swallows," 
"Migration  of  Swallows,"  "Architecture  of  Swallows,"  "Abnor- 
mal coloration  of  Swallows,"  and  "General  Habits  and  Traits  of 
Swallows,"  followed  by  detailed  treatment  of  the  genera  and 
species  of  this  family  found  in  North  America,  including  very 
full  biographies,  presented  with  the  felicity  of  touch  character- 
istic of  the  author  at  his  best.  Under  "Migration  of  Swallows" 
is  a  long  dissertation  on  the  question.  Do  swallows  hibernate? 
which  includes,  besides  a  summary  of  the  alleged  evidence,  an 
exhaustive  annotated  bibliography  of  special  articles  on  the  sub- 
ject, occupying  a  dozen  pages  and  numbering  nearly  two  hundred 
titles.    He  says,  in  commenting  on  the  evidence : 

"I  have  never  seen  anything  of  the  sort,  nor  liave  I  ever  known 
one  who  had  seen  it ;  consequently,  I  know  nothing  of  the  case 
but  what  I  have  read  about  it.  But  I  have  no  means  of  refuting 
the  evidence,  and  consequently  cannot  refuse  to  recognize  its 
validity.  Nor  have  I  aught  to  urge  against  it,  beyond  the  degree 
of  incredibility  that  attaches  to  highly  exceptional  and  improb- 
able allegations  in  general,  and  in  particular  the  difficulty  of 
understanding  the  alleged  abruptness  of  the  transition  irom 
activity  to  torpor.  I  cannot  consider  the  evidence  as  inadmissi- 
ble, and  must  admit  that  the  alleged  facts  are  as  well  attested, 
according  to  ordinary  rules  of  evidence,  as  any  in  ornithology. 
It  is  useless  as  well  as  unscientific  to  pooh-pooh  the  notion.  The 
asserted  facts  are  nearly  identical  with  the  known  cases  of  many 
reptiles  and  batrachians.  They  are  strikingly  like  the  known 
cases  of  many  bats.  They  accord  in  general  with  the  recognized 
conditions  of  hibernation  in  many  mammals." 

There  are  also  special  bibliographies*  on  the  "Architecture  of 

♦  The  titles  here  given  in  the  body  of  the  work  are,  unfortunately 
for  the  convenience  of  subsequent  authors,  not  repeated  in  Coues's 
later  published  bibliographies. 
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SwalloW  and  on  "Abnormal  Coloration  of  Swallows*';  and 
there  is  another  special  bibliography  (117  titles)  on  the  genus 
^^Ampelis"  {=Bomby cilia)  y  of  the  family  "AmpelidflB**  (= 
Bombycillidae). 

The  last  217  pages  of  the  main  text  of  the  ^TBirds  of  the  Colo- 
rado Valley*'  form  a  '^Bibliographical  Appendix/'  entitled  "A 
List  of  Faunal  Publications  relating  to  North  American  Orni- 
thology." The  list  is  made  up  mainly  of  titles  of  "  ^ocal  lists' 
and  allied  kinds  of  articles/  all  general  treatises  including  larger 
geographical  areas  than  North  America,  although  North  America 
may  be  included,  being  excluded,  as  are  also  all  systematic  papers 
treating  of  genera  or  higher  groups,  even  when  consisting  wholly 
of  North  American  species,  these  latter,  under  the  author's  plan 
of  a  "Universal  Bibliography  of  Ornithology,"  falling  under  the 
section  "Systematic  Ornithology."  The  geographical  limits  are 
North  America  from  the  southern  boundary  of  Mexico  north- 
ward, including  Greenland,  and  also  the  Bahamas  and  Bermudas, 
but  not  the  West  Indies  nor  any  part  of  America  south  of 
Mexico.  The  author  says :  "There  is  little  to  be  said  of  the  way 
in  which  the  work  has  been  done ;  for  if  it  cannot  speak  for  itself, 
the  less  said  the  better."  He  adds,  however,  that  "the  compiler 
has  habitually  regarded  The  Title  as  a  thing  no  more  to  be 
mutilated  than  a  man's  name ;  and  that  he  has  taken  the  utmost 
pains  to  secure  transcription  of  titles  verbatim,  literatim  et 
punctiuitim'' ;  and  further  states  that  "no  title  *  *  *  has 
been  taken  at  second-hand"  unless  so  specified.  The  list  begins 
with  John  Smith's  description  of  Virginia,  published  in  1612, 
and  ends  with  papers  and  works  that  appeared  during  the  first 
half  of  the  year  18 78.  The  list  is  followed  by  an  index,  arranged 
in  two  sections,  the  first  of  authors,  the  second  of  localities,  the 
great  utility  of  which  is  obvious. 

Aside  from  the  complete  and  exact  transcription  of  titles, 
whether  of  independent  works  or  of  papers  published  in  journals 
or  in  the  proceedings  of  societies  and  academies,  the  extent -and 
character  of  tlie  information  given  in  relation  to  North  American 
ornithology  is  indicated  by  descriptive  comment  or  concise  anno- 
tations, as  may  be  required,  which  add  immensely  to  the  useful- 
ness of  the  citations.    As  said  by  the  author : 
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"Bibliography  is  never  finished,  and  always  more  or  less  de- 
fective, even  on  ground  long  gone  over.  ♦  ♦  ♦  In  fact,  one 
object  in  printing  the  present  batch  of  titles  is  to  invite  criticism, 
to  the  end  that  the  final  bibliography  may  be  bettered.  The 
writer  would  be  accurate;  yet  he  feels  the  weight  of  Stevens's 
satire:  'If  you  are  troubled  with  a  pride  of  accuracy,  and  would 
have  it  completely  taken  out  of  you,  print  a  catalogue.'  '^ 

Coues's  several  instalments  of  his  ornithological  bibliography 
certainly  do  "speak  for  themselves."  That  there  are  omissions 
goes  without  saying,  but  they  are  surprisingly  few ;  the  accuracy 
and  completeness  of  citation  are  beyond  criticism,  while  the  con- 
cise descriptions  supply  information  of  the  utmost  convenience. 

The  "Bibliographical  Appendix"  to  the  ''Birds  of  tlie  Colorado 
Valley"  forms  the  first  instalment  of  a  proposed  "Universal 
Bibliography  of  Ornithology,"  to  which  Dr.  Coues  devoted  a 
large  part  of  several  of  the  most  active  years  of  his  life,  the 
greater  part  of  which  still  remains  in  manuscript,  greatly  to  tlie 
regret  and  distinct  loss  of  ornithologists  the  world  over.  Fortu- 
nately, however,  that  relating  to  American  ornithology  was  prac- 
tically completed  up  to  the  time  of  its  publication,  1878-1880. 
The  second  instalment*  was  published  in  1879,  atid  includes  the 
faunal  works  and  papers  relating  to  South  America,  Central 
America,  and  the  West  Indies,  and  contains  about  700  titles. 
It  is  constructed  on  the  same  lines  and  with  the  same  care  as  that 
relating  to  North  America,  already  described. 

The  third  instalment!,  published  in  1880,  also  relates  to 
America,  and  consists  of  titles  referring  to  systematic  orni- 
thology, or  to  "publications  treating  of  particular  species,  genera 
or  families."  This  portion  makes  nearly  five  hundred  and  fifty 
pages,  and  completes  the  Bibliography  so  'far  as  America  is  con- 
cerned. 

Only  one  instalment  relating  to  birds  of  other  parts  of  the 
world    was    ever    published,    namely,    "Fourth    Instalment    of 


ft 


♦  "Second   Instalment  of  American   Ornithological   Bibliography. 
Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  V,  No.  2,  September  6, 

1879,  pp.  23d-330. 

t  **Third    Instalment    of    American    Ornithological    Bibliography." 
Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  V,  No.  4,  September  30, 

1880,  pp.  521-1066. 
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Ornithological  Bibliography:  being  a  List  of  Faunal  Publica- 
tions relating  to  British  Birds/**  This  consists  of  "the  titles 
of  all  publications  treating  of  British  birds  as  such,  exclusively, 
and  indiscriminately  or  collectively,"  as  further  fully  defined  in 
the  introductory  explanations. 

It  is  only  fair  to  give  here  the  author's  own  point  of  view 
respecting  these  several  instalments  of  his  proposed  "Universal 
Bibliography  of  Ornithology."    He  says: 

•  "This  instalment,  like  those  that  have  preceded  it,  is  to  be 
considered  only  in  the  light  of  published  proof-sheets,  to  be  can- 
celed on  the  final  appearance  of  the  whole  work.  They  are  thus 
published  in  advance  for  several  reasons — among  others,  both  to 
render  available  certain  departments  of  the  Bibliography  which 
approach  completion,  and  are  therefore  useful  as  far  as  they  go, 
and  to  invite  suggestions  and  criticism  for  the  bettering  of  flie 
work." 

Of  this  instalment  he  further  says :  "I  do  not  think  it  contains 
more  than  one-half  as  many  titles  as  belong  to  this  department 
of  the  Bibliography*' ;  and  he  goes  on  to  indicate  certain  sources 
of  its  weakness  through  his  inability  to  lay  hands  on  various 
desired  serial  afnd  other  publications. 

In  the  introduction  to  the  "Third  Instalment"  (which  was 
published  several  months  later  than  the  fourth)  he  says: 

"The  portions  of  the  Bibliography  now  before  the  public  suffice 
for  an  estimate  of  its  plan  and  purpose;  but  I  may  add  that 
nothing  has  yet  appeared  of  several  other  important  departments, 
such  as  those  of  'General  and  Miscellaneous'  publications,  of 
publications  in  'Anatomy  and  Physiology,'  of  publications  relat- 
ing to  'Birds  in  Domestication  and  Captivity,'  etc.  It  is  not 
my  intention,  however,  to  print  any  more  of  the  work  at  present, 
the  American  departments  being  the  only  ones  sufficiently  per- 
fected to  warrant  their  leaving  my  hands.  But  meanwhile  I  am 
making  manuscript  for  the  rest  as  rapidly  and  as  continuously 
as  possible." 

Alas  that  this  vast  amount  of  expert  labor  should  still  remain 
unavailable  to  the  ornithological  world  !f 


♦  Proc.  U.  S.  Nat.  Mus.,  Vol.  II,  May  31,  1880.  pp.  359-482. 
t  His  latest  public  reference  to  this  phase  of  his  literary  work  ap- 
peared in  "The  Osprey"  for  November.  1897   (II,  pp.  39,  40),  from 
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Dr.  Coues  was  joint  author  or  editor  and  annotator  of  various 
ornithological  papers  and  special  works,  as  papers  on  the  orni- 
thology of  Texas  by  Lieut.  C.  A.  H.  McCauley  (1877)  and 
George  B.  Sennett  (1877  and  1879),  and  on  the  ornithology  of 
Kerguelen  Island  (with  Dr.  J.  H.  Kidder).  Stearns's  "New 
England  Bird  Life,  a  Manual  of  New  England  Ornithology," 
"edited  from  the  manuscripts  of  Winfrid  A.  Stearns"  (two  vol- 
umes, 1881)  was,  as  is  well  known,  practically  written  by  Coues. 
He  also  collaborated  with  Mrs.  Mabel  Osgood  Wright  in  the 
preparation  of  "Citizen  Bird"  (1897).  He  was  also  one  of  the 
associate  editors  of  the  *Q5ulletin"  of  the  Nuttall  Ornithological 
Club  (1876-1883)  and  of  the  eariier  volumes  of  "The  Auk" 
(1884-1888). 

which  I  transcribe  the  foHowing  extract,  for  the  information  It  con- 
veys, and  as  an  excellent  illustration  of  Couesian  rhetoric: 

"The  bibliography  of  ornithology  is  a  subject  which  occupied  me  for 
several  years,  in  the  seventies,  and  upon  which  I  expended  an  enor- 
mous amount  of  labor,  mainly  with  my  own  pen,  with  comparatively 
little  ostensible  result.  In  1880  I  had  published  four  instalments  of 
my  intended  'Universal  Bibliography  of  Ornithology,*  these  being  a 
few  thousand  titles  relating  to  the  birds  of  North  and  South  America 
and  Great  Britain.  In  that  year  my  machinery  for  doing  the  work 
broke  down,  and  I  found  myself  amidst  the  debris  of  the  great  plan  I 
had  projected  or  partially  accomplished,  with  many  thousand  manu- 
script titles  on  hand  and  no  prospect  of  their  ever  seeing  the  light 
♦  ♦  ♦  I  think  I  never  did  anything  else  in  my  life  which  brought 
me  such  hearty  praise  'in  mouths  of  wisest  censure* — immediate  and 
almost  universal  recognition,  at  home  and  abroad,  from  ornitholo- 
gists who  knew  that  bibliography  was  a  necessary  nuisance  and  a 
horrible  drudgery  that  no  mere  drudge  could  perform.  It  takes  a 
sort  of  an  inspired  idiot  to  be  a  good  bibliographer,  and  his  inspira- 
tion is  as  dangerous  a  gift  as  the  appetite  of  the  gambler  or  dipso- 
maniac— it  grows  with  what  it  feeds  upon,  and  finally  possesses  its 
victim  like  any  other  invincible  vice.  Perhaps  it  is  lucky  for  me 
that  I  was  forcibly  divorced  from  my  bibliographical  mania;  at  any 
rate,  years  have  cured  me  of  the  habit,  and  I  shall  never  again  be 
spellbound  In  that  way.  ♦  ♦  ♦  This  raises  another  question,  which 
may  be  put  in  this  way:  Where  is  the  man  who  will  undertake  to 
bring  my  North  American  Bibliography  up-to-date?  ♦  •  ♦  Among 
the  requisite  qualifications  may  be  reckoned  more  zeal  than  discre- 
tion, youth,  health,  strength,  staying  power,  unlimited  time  at  com- 
mand, and  access  to  the  foci  of  ornithological  literature  in  some  large 
eastern  city.  All  my  material,  both  published  and  unpublished,  shall 
be  at  the  service  of  any  such  individual,  with  such  opportimlties,  and 
any  such  appetite  for  bibliographical  immortality ;  I  will  even  throw 
my  blessing  into  the  bargain.  What  do  I  hear  in  answer  to  this  ad- 
vertisement: Wanted — A  competent  bibliographer  of  North  American 
ornithology?" 
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Coues's  contributions  to  North  American  mammalogy,  while 
somewhat  voluminous,  were  far  less  important  than  his  ornitho- 
logical writings,  and  relate  to  a  field  with  which  he  was  far  less 
familiar.  His  activities  in  this  field  were  also  limited  to  the 
decade  between  1868  and  1877.  His  first  papers  on  mammals 
appeared  in  1867,  and  were  based  on  his  field  notes  and  collec- 
tions made  in  Arizona.*  These  were  followed  during  the  next 
ten  years  by  notes  and  short  articles  on  different  North  American 
species,  by  several  anatomical  papers,!  by  a  faimal  list  of  the 
mammals  of  Fort  Macon,  North  Carolina!,  and  by  a  number  of 
systematic  papers  and  monographs  on  various  genera  and  fami- 
lies, chiefly  during  the  years  1874  to  1877.  The  first  was  entitled 
"On  the  Muridae  of  the  Northern  Boundary  Survey,  with  critical 
revision  of  the  North  American  Genera  and  Species,^'§  an  ab- 
stract of  his  monograph  of  the  family  published  two  years  later. 
A  new  '^subgenus"  (Vesperimv^  =  genus  Peromyscus  Gloger, 
1841),  two  new  genera  (Ochetodon  =  Reithrodontomys  Qiglioli, 
1873,  and  Evotomys) ,  and  two  new  species  were  here  character- 
ized, and  are  still  recognized,  although  earlier  names  have  since 
been  found  for  two  of  the  genera. 

During  the  following  year  he  published  additional  taxonomic 
papers,  including  one  entitled  "On  the  Cranial  and  Dental  Char- 
acters of  MephitiniT,  with  description  of  Mephitis  frontata  n.  sp. 

*  "Notes  on  a  Collection  of  Mammals  from  Arizona"  (Proc.  Acad. 
Nat.  Sci.  Philadelphia,  1SG7,  pp.  333-136),  and  "The  Quadrupeds  of 
Arizona"  (American  Naturalist,  I,  1867,  pp.  281-292,  351-363,  393-400, 
531-541). 

t  "Anteroposterior  Symmetry,  with  special  reference  to  the  Mus- 
cles of  the  Limhs"  (Medical  Record,  June-September,  1870,  In  eight 
instalments)  ;  "On  the  Myology  of  Oniithorhynchus**  (Comm.  Essex 
Inst..  VI,  1871,  pp.  128-173)  ;  "The  Osteology  and  Myology  of  Didcl- 
phis  vinjiiiiana"  (Mem.  Boston  Soc.  Nat.  Hist,  Vol.  II,  1873,  pp.  41- 
154),  and  "Notice  of  a  Cyclopean  Pig"  (Proc.  Acad.  Nat.  Sci.  Phila- 
delphia, 1SG9,  pp.  93-101). 

t  "Notes  on  the  Natural  History  of  Fort  Macon,  N.  C,  and  vicin- 
ity" (Proc.  Acad.  Nat.  Sci.  Philadelphia,  1871,  pp.  12-49— mammals, 
pp.  12-18). 

§  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1874,  pp.  173-196.  Reissued 
as  a  rei)aged  separate,  with  additions,  1874,  pp.  1-28,  retitled  "U.  S. 
Nortliern  Boundary  Connnission  ♦  *  ♦  Natural  History,  No.  1. 
On  the  Muridjp." 
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foss."*  The  new  species  was  based  on  a  skull  from  the  bone 
eaves  of  Pennsylvania.  This  paper  gave  a  review  of  the  charac- 
ters of  the  genera  Mephitis,  Spilogale  and  Conepatus,  of  which 
only  a  single  North  American  species  of  each  was  here  recog- 
nized. This  was  shortly  followed  by  "Some  Account,  critical, 
descriptive,  and  historical,  of  Zapus  hudsoniu8y^\  in  which  the 
jumping  mice  of  North  America  were  first  separated  from  the 
Jerboas  of  the  Old  Worid  imder  the  new  generic  name,  Zapus, 
and  as  a  new  family,  Zapodidae.  This  paper,  like  others  pub- 
lished at  about  this  time,  was  preliminary  to  his  monographic 
treatment  of  various  families  of  North  American  rodents,  pub- 
lished in  1877,  in  volume  XI  of  the  final  reporis  of  the  Hayden 
Survey,  entitled  "Monographs  of  North  American  Eodontia.^^ 
These  include  his  "Critical  Review  of  the  North  American 
Saccomyidae,''!  and  several  papers  on  the  family  Geomyidae,§ 
tlie  one  last  cited  in  the  accompanying  footnote,  however,  being* 
the  full  monograph  of  the  family,  reprinted  in  abstract  only  in 
"Monographs  of  Nori;h  American  Rodentia.*^ 

In  1875  he  also  published  (with  Dr.  H.  C.  Yarrow)  a  report 
on  the  mammals  collected  on  the  Surveys  West  of  tlie  One  Hun- 
dredth Meridian,  under  Lieut.  George  M.  Wheeler,  the  report  on 
the  collections  by  the  joint  authors  occup}ing  pages  35-129  of 
volume  V  of  the  final  'Tiepori;"  of  the  Surveys.  ||  The  text 
relates  mainly  to  the  habits  and  geographical  distribution  of  the 
manmials  of  the  southwestern  pori;ions  of  the  United  States, 
with  extensive  tables  of  synonymy  and  bibliographic  references. 
While  now  of  course  obsolete  as  regards  the  nomenclature,  it  is 
still  the  original  source  of  much  important  information. 

♦  BulL  U.  S.  GeoL  and  Geogr.  Surv.  Terr.,  2d  ser.,  No.  1,  1875,  pp. 
7-15,  with  1  text-figure. 

t  Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  2d  ser.,  No.  6,  January  8, 
1875,  pp.  253-262. 
X  Proc.  Acad.  Nat  Scl.  Philadelphia,  1875,  pp.  227-327. 
§  **The  Cranial  and  Dental  Characters  of  Geomyldae."    Bull.  U.  8. 
Geogr.  and  Geol.  Surv.  Terr.,  2d  ser..  No.  2,  May  11,  1875,  pp.  83-90. 

"Synopsis  of  the  Geomyidie."  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1875,  pp.  130-138. 

"Abstract  of  Results  of  a  Study  of  the  Genera  Qeomys  and 
Thomomys"  Expl.  of  the  Colorado  River  of  the  West,  1875,  pp.  215- 
285,  figs.  1-80. 

The  Yolmne  as  a  whole  was  not  Issued  till  September,  1876L 
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He  appears  to  have  published  nothing  on  mammals  during  the 
year  1876  that  requires  notice  in  the  present  connection,  but  in 
1877  his  output  in  this  field  was  notable,  consisting  largely  of 
matter  prepared  during  the  preceding  year.  This  includes  his 
"Precursory  *  Notes  on  American  Insectivorous  Mammals,  with 
description  of  a  new  Species,"*  in  which  the  genera  and  species 
were  critically  considered,  and  three  new  subgenera  and  five  new 
species  were  characterized.  This  paper  remained  for  many  years 
the  authoritative  paper  on  the  group.  The  other  publications  of 
this  year,  to  be  here  noted,  are  Coues's  well-known  monograph, 
"Fur-bearing  Animals  of  North  America,^'  and  his  several  final 
monographs  of  various  families  of  ^N'orth  American  rodents. 

The  "Fur-bearing  Animals"  was  issued  as  a  special  volume  of 
the  "Miscellaneous  Publications"  of  the  Hayden  Survey,  and  was 
put  forth  "as  a  specimen  fasciculus  of  a  systematic  History  of 
North  American  Mammals,"  in  which,  as  stated  in  the  "Prefa- 
tory Note,"  it  was  "proposed  to  treat  the  mammals  of  North 
America,  living  and  extinct,  in  the  same  comprehensive  and 
thorough  manner  in  which  the  single  family  of  the  MustelidaB 
has  [herej  been  elaborated."  The  form  and  character  of  the 
proposed  final  work  is  here  outlined,  namely,  a  concise  treatment 
of  the  technical  and  critical  portions  of  the  subject,  while  those 
aspects  of  more  general  interest,  such  as  the  life  histories  and 
economic  and  other  practical  relations  of  the  species  to  man,  will 
be  given  in  ample  detail.  Unfortunately,  tliis  scheme  was  never 
carried  out,  and  until  this  day  we  have  had  no  general  work  on 
the  mammals  of  North  America,  considered  from  both  the  tech- 
nical and  popular  standpoint,  since  the  completion  of  Audubon 
and  Baehman's  "Quadruped  of  North  America,"  issued  in  three 
volumes,  royal  octavo,  in  1846-1854.  Coues  had  at  this  time 
'H^een  long  engaged"  upon  such  a  work,  and  continued  gathering 
material  for  it  for  several  years  more,  when  in  1880,  when  the 
work  was  far  advanced  toward  completion,  he  was  ordered  to 
duty  at  Fort  Whipple,  and  tlie  several  Government  geological 
surveys  were  reorganized,  and  their  scope  so  restricted  as  to 
exclude  the  proposed  frrcat  work  on  Nortli  American  mammals 
and  other  similar  eutorj^rises,  which  at  this  time  had  become  a 


*  Bull.  U.  S.  Geol.  juHl  Geopr.  Surv.  Terr.,  Vol.  Ill,  1877,  pp.  081- 
653. 
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marked  feature  of  the  Hayden  and  other  surveys.  Had  the  work 
been  completed  and  published,  its  taxonomy  would  have  been 
soon  obsolete,  but  the  work  as  a  whole  wotdd  have  formed  a 
repository  of  general  information  on  the  mammals  of  North 
America,  drawn  from  all  then  available  sources,  that  would  have 
been  of  great  convenience  and  usefulness. 

The  comprehensive  plan  of  the  monograph  of  the  Mustelidae 
includes  a  consideration  of  their  systematic  position,  their  sub- 
family and  generic  subdivisions,  with  full  diagnoses  of  these 
divisions  and  of  the  species,  the  derivation  and  signification  of 
the  names  applied  to  them,  both  vernacular  (in  various  lan- 
guages) and  technical,  their  geographical  ranges,  habits,  eco- 
nomic products,  and  much  interpolated  matter  relating  to  the 
allied  foreign  species,  and  much  original  information  respecting 
special  features  of  their  anatomy.  In  short,  it  is  an  elaborate 
compendium  of  all  that  relates  to  the  North  American  repre- 
sentatives of  this  especially  important  and  interesting  family  of 
mammals,  as  then  known.  ^ 

The  thick  quarto  volume  of  the  Hayden  Survey  entitled 
"Monographs  of  North  American  Eodentia,"  comprised  eleven 
monographs,  of  which  the  following  five  were  by  Dr.  Coues: 
I,  MuridflB  (pp.  i-iv+264) ;  VII,  Zapodid®  (pp.  4$5-479) ;  VIII, 
SaccomyidflB  (pp.  481-542) ;  IX,  Haplodontidae  (pp.  543-599) ; 
X,  Geomyidae  (pp.  601-629).  They  were  written,  as  well  as  the 
"Fur-bearing  Animals,"  at  the  height  of  the  wave  of  conservatism 
that  engulfed  American  mammalogists  and  ornithologists  alike 
between  the  years  1872  and  1882,  in  respect  to  the  "species  ques- 
tion." 

But  the  results  were  far  more  disastrous  in  respect  to  the  work 
of  that  period  in  the  mammalogical  field  than  in  ornithology.  It 
was  unfortimately  based  on  the  assumption  that  the  mammals 
and  birds  of  North  America  were  at  that  time  well  known,  and 
that  the  then  available  material  was  sufficient  for  their  critical, 
and  perhaps  final,  revision;  and  not  only  this,  that  not  only  had 
all  the  species  been  described,  but  that  far  too  many,  especially 
in  the  case  of  mammals,  had  been  recognized.  Hence  many  of 
the  then  currently  recognized  species  were  properly  reduced  to 
"varieties"  or  subspecies,  but  many  others,  through  lack  of  suffi- 
cient or  properly  prepared  material  and  the  wrong  interpretation 

419 


NATIONAL  ACADEMY  BIOGRAPHICAL   MEMOIRS — ^VOL.  VI 

of  slight  diflferences,  and  not  infrequently  the  oversight  of  im- 
portant characters  in  skulls  that  had  not  been  taken  out  of  the 
skins,  were  reduced  to  synonymy.  More  recent  work  in  North 
American  mammalogy,  based  on  later-acquired  and  better-pre- 
pared material,  from  a  multitude  of  new  localities  and  many 
times  greater  in  quantity,  have  shown  how  erroneous  were  the 
conclusions  of  1877.  New  methods  of  field  work,  introduced  by 
Merriam  some  years  later,  led  to  the  discovery  of  not  only  a 
large  number  of  new  and  markedly  distinct  specific  types,  but  a 
considerable  number  of  new  genera  and  an  endless  list  of  new 
local  forms  or  subspecies.*  Whether  or  not  the  pendulum  has 
not  swung  too  far  in  the  direction  of  ultra  subdivision  only  time 
can  disclose.  But  it  still  may  be  said  of  these  monographs  that 
the  work  was  performed  with  the  utmost  conscientiousness  and 
in  accordance  with  the  prevailing  tendencies  of  the  time,  and 
under  the  handicap  of  extremely  limited  and  wretchedly  pre- 
pared material.  The  rejuvenation  of  mammalogy,  both  in  this 
country  and  abroad,  during  the  last  twenty  years,  is  due  almost 
wholly — at  least  primarily — to  the  new  methods  of  field  work 
which  originated  in  this  country  during  the  eighties  and  have 
since  extended  throughout  the  world.  Yet  the  "Monographs  of 
North  American  Rodentia''  contain  much  of  permanent  value, 
especially  in  relation  to  the  historical  and  bibliographical  phases 
of  the  subject,  and  as  a  summary  of  previous  knowledge  of  the 
groups  treated. 

About  1885  Dr.  Coues's  hitherto  incessant  intellectual  activi- 
ties in  ornithology  and  mammalogy  became  diverted  to  other 
fields,  and,  with  the  exception  of  the  preparation  of  the  fifth 
edition  of  the  "Key,"  which  work,  as  already  detailed,  was  then 
again  rewritten,  he  ceased  to  impress,  to  any  considerable  extent, 
his  personality  upon  either  of  these  two  branches  of  investiga- 
tion.! Even  his  contributions  to  "The  Auk^^  were  few  after 
1888  (none  in  1893  and  1894),  and  consisted  mainly  of  reviews, 

*  For  a  fuller  presentation  of  this  phase  of  North  American  mam- 
nialofry,  see  my  papers  entitled  "Recent  Work  in  North  American 
Mainmalogj'"  (Trans.  New  York  Acad.  Sol.,  Vol.  X,  1891,  pp.  71-85) 
an<l  "Itecent  Progress  In  the  Study  of  North  American  Mammals" 
(Ahstr.  Proc.  Linn.  Soc.  New  York,  No.  6.  1894,  pp.  17-45). 

t  He  wrote  little  on  mammals  after  1877. 
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short  notes  on  questions  of  nomenclature^  or  historical  references 
to  early  descriptions  of  American  birds.  The  volume  for  1897  is 
an  exception,  he  having  contributed  to  this  some  thirty  or  more 
short  papers  or  notes,  all  of  interest  and  a  number  of  them,  on 
questions  of  nomenclature,  of  considerable  importance,  some  of 
them  leading  to  nomenclatural  changes  in  the  American  Orni- 
thologists* Union  Check-List. 

For  seven  years  (1884-1891)  his  energies  and  attention  were 
absorbed  by  work  on  the  "Century  Dictionary*'  (6  volumes,  1889- 
1893),  of  which  Dr.  Coues  was  one  of  the  collaborators,  having 
charge  of  the  departments  of  General  Zoology,  Biology,  and 
Comparative  Anatomy,  and  for  which  he  furnished  some  40,000 
definitions  and  hundreds  of  illustrations,  largely  original,  drawn 
under  his  supervision  by  Mr.  E.  T.  Seton.  In  a  review  of  this 
great  work  from  the  ornithological  standpoint,  the  present  writer 
stated,  in  1891,*  "The  ornithological  matter,  both  as  regards 
text  and  cuts,  forms  a  conspicuous  feature  of  the  work,  which 
is  practically  an  encyclopedia  of  ornitliolog}'.  For  those  who 
know  Dr.  Coues's  ability  at  giving  the  gist  of  a  bird's  history  in 
a  few  happily  worded  sentences,  it  is  imnecessary  to  say  that  a 
vast  amount  of  information  is  compressed  into  the  space  of  a 
few  lines.*' 

In  March,  1897,  Dr.  Coues  became  associated  with  Mr.  Walter 
A.  Johnson  in  the  editorship  of  an  illustrated  monthly  magazine 
of  ornithology,  'T?he  Osprey,**  published  at  Qalesburg,  Illinois, 
and  later  in  New  York  city,  to  which  jpurnal  he  furnished  a  few 
reviews  and  short  notes,  beginning  with  volume  I,  No.  7,  Marcli, 
1897.  With  the  second  number  of  volume  III  (October,  1898),  ' 
the  magazine  changed  ownership  and  the  office  of  publication  was 
transferred  to  Washington,  where  the  magazine  was  continued 
under  the  editorship  of  Elliott  Coues  and  Theodore  Gill.  This 
joint  editorship,  however,  continued  for  only  six  numbers  of 
volume  III,  when  Dr.  Coues's  connection  with  the  magazine 
wholly  ceased.  A  glance  at  Dr.  Coues's  editorial  and  other  con- 
tributions to  these  numbers  seems  to  afford  an  explanation  of  his 
early  retirement  from  the  editorial  sanctum.   . 

Immediately  following  the  completion  of  his  work  on  the 
"Century  Dictionary"  Dr.  Coues  turned  his  attention  to  other 


•  Auk.  VIII,  pp.  222-224. 
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work  in  which  for  a  long  time  he  had  had  a  deep  interest — the 
early  explorations  west  of  the  Mississippi  River.  As  early  as 
1876  he  published  "An  Account  of  the  various  Publications  re- 
lating to  the  Travels  of  Lewis  and  Clark,  with  a  Commentary 
on  the  Zoological  Eesults  of  their  Expedition/^*  and  in  1893 
appeared  his  "History  of  the  Expedition  of  Lewis  and  Clark,^ 
in  four  octavo  volumes,  continuously  paged,  with  commentary  on 
the  geography,  ethnology,  and  natural  history  of  the  route.  His 
principal  annotations  on  the  natural  history  occur  in  chapter 
XXV  (Vol.  lU),  pp.  821-900.  This  was  followed  in  1895  by 
his  "Expeditions  of  Zebulon  Montgomery  Pike'^  (3  vols.,  8vo)  ; 
in  1897,  by  the  "Journals  of  Alexander  Henry  and  David 
Thompson,"  for  many  years  (1799-1814)  oflScers  of  the  North- 
west Company  (3  vols.,  roy.  8vo) ;  in  1898,  by  the  "Journal  of 
Major  Jacob  Fowler"  (1  vol.,  8vo),  and  the  "Personal  Narrative 
of  Charles  Lapenteur,"  for  forty  years  a  fur  trader  on  the  upper 
Missouri  (2  vols.,  8vo) ;  and  in  1900,  by  the  ''Diary  of  Prancjsco 
Garces,"  who  traveled  through  the  Indian  Territory,  Kansas, 
Colorado,  and  Xew  Mexico  in  1775-76  (2  vols.,  8vo),  the  revision 
of  the  proof-sheets  of  which  last  was  made  in  part  during  his  last 
illness. 

These  works,!  forming  fifteen  volumes,  consist  entirely,  except 
in  the  case  of  the  expeditions  of  I^ewis  and  Clark  and*  Pike, 
of  previously  unpublished  material  and  form  a  mass  of  new 
and  original  information  on  early  explorations  in  the  West 
of  the  highest  interest  and  importance.  They  are  all  copiously 
annotated  in  reference  to  the  geography,  ethnography,  and  gen- 
eral natural  history  of  the  regions  traversed  by  these  various 
explorers,  with  the  usual  care  and  accuracy  characteristic  of 
Coues's  scientific  and  bibliographic  writings.  In  order  to  secure 
geographical  correctness  as  to  localities  and  the  precise  routes 
traversed  by  several  of  these  explorers,  he  traveled  many  thou- 
sands of  miles  over  the  same  routes,  these  journeys  including  a 
personal  examination  of  tlie  route  of  Lewis  and  Clark,  a  canoe 
trip  up  the  Mississippi  to  determine  Pike's  route  to  the  head- 

♦  Kiill.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  No.  3,  February,  1876, 
pp.  7-20. 

t  The  titles  are  given  in  full  in  the  "List  of  Works,"  etc.,  appended 
to  this  biography. 
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waters  of  that  river,  and  an  effort  to  locate  the  trail  of  Garcfe. 
His  admirable  equipment  for  this  kind  of  editorial  work  is  be- 
yond question,  and  these  volumes  will  ever  remain  a  monument 
to  his  industry  and  intimate  knowledge  of  early  conditions  in 
the  West,  while  the  information  thus  made  available  provides  a 
mine  of  wealth  for  future  historians. 

For  a  time  Dr.  Coues  was  deeply  interested  in  spiritualistic 
and  theosophical  questions — a  side  of  his  nature  little  known 
to  even  his  intimate  scientific  associates.  He  was  president  for 
a  time  (1885-1886)  of  the  American  Board  of  Control  of  the 
Theosophical  Society  of  India  and  of  the  Psychical  Science  Con- 
gress of  the  World's  Congress  Auxiliary  at  Chicago  in  1893. 
Despite  his  activities  in  other  fields,  he  found  time  to  prepare 
and  publish  various  brochures  along  these  lines,  among  which 
are :  "Biogen,  a  Speculation  on  the  Origin  and  Nature  of  Life" 
(1884);  "The  Dsemon  of  Darwin'^  (1884);  'O^uddhist  Cate- 
chism" (1885);  "Kuthumi"  (1886);  "Can  Matter  Think?" 
(1886) ;  "A  Woman  in  the  Case"  (1887) ;  "Neuro-Myology" 
(with  Shute,  1887) ;  "Signs  of  the  Times"  (1888).  His  connec- 
tion  with  the  Theosophical  Society  was  sundered  in  1889  by  his 
expulsion  from  the  Society,  which  would  seem  to  indicate  that  he 
had  ceased  to  be  in  sympathy  with  its  doctrines  and  claims. 

Dr.  Coues  was  intimately  associated  with  the  American  Orni- 
thologists^ Union,  he  having  been  one  of  the  three  signers  of  the 
call  for  a  meeting  of  American  ornithologists  in  New  York  city 
in  September,  1883,  which  resulted  in  the  founding  of  the  Union. 
He  was  its  first  vice-president  for  ten  years,  presiding,  in  the 
absence  of  the  president,  at  its  first  meeting,  it  thus  falling  to 
his  lot  to  appoint  the  six  committees  then  established  to  take  in 
hand  as  many  different  lines  of  special  investigation. 

Later  (1893-1895)  he  held  the  ofl5ce  of  president  for  three 
years,  and  was  always  a  valued  and  eflBcient  member  of  its  coun- 
cil and  for  many  years  waa  chairman  of  one  of  its  most  important 
conmiittees — that  on  the  Nomenclature  and  Classification  of 
North  American  Birds.  He  had  also  an  important  share  in  the 
work  of  drafting  and  perfecting  its  "Code  of  Nomenclature," 
published  in  1886.  Dr.  Coues  held  honorary  membership  in  a 
large  number  of  scientific  societies  and  academies,  foreign  as  well 
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as  American.  His  election  to  the  National  Academy  of  Sciences 
occurred  in  1877,  when  he  was  thirty-four  years  old. 

Dr.  Coues  was  a  man  of  fine  physique  and  rare  mental  endow- 
ments. With  an  attractive  personality,  he  had  unusual  gifts  of 
expression,  which  rendered  him  a  ready  and  effective  public 
speaker,  genial  and  vivacious  in  conversation,  and  a  writer  of 
marked  originality  and  force.  As  a  reviewer  he  was  kind  and 
considerate ;  his  friendships  often  assumed  the  ardor  of  affection, 
and  the  kindness  of  his  nature  led  him  on  many  occasions  to 
tender  a  helping  hand  to  younger  ornithological  "aspirants.  As 
an  antagonist  he  was  sometimes  bitter  and  unforgiving.*  He 
detested  shams  and  exposed  them  ruthlessly.  Discovery  of  truth 
was  the  marked  incentive  of  his  labors,  and  he  freely  and  frankly 
retracted  his  opinions  when  convinced  that  they  were  wrong. 
He  was  naturally  conservative,  yet  was  a  leader  in  his  special 
lines  of  research.-  He  was  impulsive  and  sometimes  indiscreet, 
having  some  of  the  failings  that  usually  accompany  genius. 

Dr.  Coues's  capacity  for  work  was  enormous — ^indeed,  phenom- 
enal if  we  consider  his  sedentary  habits  and  disregard  of  the 
ordinary  precautions  of  health — and  the  wonder  is  that  he  for  so 
many  years  maintained  a  condition  of  such  vigor.  In  addition 
to  his  regular  daily  literary  output,  he  maintained  a  voluminous 
correspondence,  writing  with  his  own  hand  many  letters  of  great 
length,  in  a  style  peculiarly  brilliant  and  spicy — in  short,  Coue- 
sian.  With  all  his  apparent  energy  and  ceaseless  activities,  his 
health  at  last  gave  way,  and  for  some  years  before  his  death  he 
was  a  sufferer  from  a  complication  of  diseases.  During  the 
summer  preceding  his  death  he  made  a  journey  to  New  Mexico 
and  Arizona  to  refresh  his  memory  of  the  country  described  in 
the  diary  of  Francisco  Garces,  which  he  was  editing  for  publica- 
tion; this  proved  too  arduous  for  his  reduced  powers  of  endur- 
ance, "and  he  was  brought  to  Santa  Fe  in  a  rather  critical  condi- 
tion, where  for  a  month  he  was  very  ill,  but  in  September  came 


♦  An  unfortunate  illustration  is  his  controversy  with  the  late  Dr. 
T.  M.  Brewer,  of  which  Dr.  Coues  himself  said,  twenty  years  after 
the  death  of  his  opponent:  •*The  controversy  [In  the  'Sparrow  War*] 
had  become  [in  1874]  between  Dr.  Brewer  and  myself  a  personal 
feud,  with  the  usual  accompaniments  in  the  way  of  sweetness  and 
light"  iOaprey,  I,  1807,  p.  124). 
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to  Chicago/'*  and  later  to  Washington.  His  condition  was 
already  critical,  and  early  in  December  he  was  taken  to  Johns 
Hopkins  Hospital,  Baltimore,  where  he  *'had  to  undergo  two 
surgical  operations  for  distinct  disorders  within  a  month  of  each 
other.  He  succumbed  from  exhaustion  the  second  day  after  the 
later  operation,  and  died  on  Christmas  day,''  1899.t  Throughout 
his  last  illness  he  maintained  a  courageous  spirit,  bearing  exces- 
sive pain  without  complaint,  and  wrote  occasional  letters  to  sev- 
eral of  his  intimate  scientific  friends  up  to  almost  the  day  of 
the  final  operation,  expressing  doubt  as  to  the  outcome;  they 
proved  to  be  his  final  letters  of  farewell. 

Thus  ended  the  life  of  one  who  had  attained  high  eminence 
in  several  literary  fields  as  well  as  in  ornithology;  one  whose 
beneficial  influence  on  the  progress  of  North  American  orni- 
thology, both  technical  and  popular,  has  never  been  excelled,  and 
whose  work  in  other  lines  of  research  was  varied,  thorough,  and 
conscientious,  and  will  be  of  lasting  influence. 

Dr.  Coues's  near  surviving  relatives  are  his  half-brother.  Medi- 
cal Director  Samuel  F.  Coues,  U.  S.  Navy  (retired),  of  Cam- 
bridge, Massachusetts;  his  sister,  Grace  Darting  (Coues)  Estes 
(Mrs.  Dana  Estes),  of  Brookline,  Massachusetts,  and  two  sons 
and  a  daughter. 

Dr.  Coues  married,  first.  May  3,  1867,  in  Columbia,  South 
Carolina,  Jane  Augusta  McKenney,  daughter  of  Owen  McKen- 
ney,  of  Eushford,  New  York,  and,  second,  October  25,  1887,  in 
Boston,  Massachusetts,  Mrs.  Mary  Emily  Bates,  who  survived 
him,  but  died  in  1906.  Dr.  Coues  had  five  children,  all  by  his 
first  wife,  two  of  whom  died  in  infancy.  The  other  three  are : 
(1)  Edith  Louise  (Coues)  O'Shaughenessy,  bom  January  31, 
1868,  in  Columbia,  South  Carolina,  wife  of  Mr.  O'Shaughe- 
nessy of  the  American  Embassy  at  Vienna;  (2)  Elliott  Baird 
Coues,  bom  January  19,  1872,  at  Baltimore,  Maryland,  who  was 
graduated  with  the  degree  of  M.  D.  at  the  Bellevue  Medical* 
College,  New  York,  and  is  now  residing  in  Europe  (unmarried) ; 
(3)  Beveriy  Drinkard  Coues,  bom  in  November,  1878,  in  Wash- 
ington, and  now  in  Europe  (tinmarried). 


♦  D.  G.  Elliot,  in  The  Aulc,  Vol.  XVIII,  1901,  p.  9. 
t  Osprey,  IV,  January,  1900,  p.  80. 
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LIST  OP  PRINCIPAL  WORKS  AND  PAPERS, 

From  this  list  are  omitted  hundreds  of  reviews  contributed  by 
Dr.  Coues  to  the  "American  Naturalist,"  "Bulletin  of  the  Nuttall 
Ornithological  Club,"  "The  Auk,"  "Science,"  "The  Osprey,'' 
the  New  York  "Nation,"  Chicago  "Field,"  "Forest  and  Stream," 
"The  Oologist,"  and  other  scientific  and  literary  journals,  and 
also  hundreds  of  shori;  notes  and  semi-popular  articles  on  natural 
history  subjects,  published  in  the  above-mentioned  and  in  other 
journals  and  magazines. 

The  most  important  works  and  papers  of  this  list  have  been 
noticed  in  the  foregoing  pages.  The  annotations,  following  some 
of  the  titles  are  briefly  explanatory  or  give  simply  the  names  of 
the  new  genera,  new  species  and  subspecies,  etc.,  described  in  the 
works  and  papers  to  which  they  relate. 


ORNITHOLOGY. 

1861. 

1.  A  Monograph  of  the  Tringeie  of  North  America.    Proc  Acad.  Nat. 

Sci.  Philadelphia,  Vol.  XIII,  July,  1861,  pp.  170-205. 
Actodronias  bairdi  (p.  194),  sp.  nov. 

2.  Notes  on  the  Ornithology  of  Labrador.     Proc.  Acad.   Nat.   Scl. 

Philadelphia,  Vol.  XIII,  August,  1861,  pp.  215-257. 
A^giothus  fuscescens  (p.  222),  sp.  nov. 
3w  A  Monograph  of  the  Genus  J^giothuSy  with  descriptions  of  new 
Species.     Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XIII,  No- 
vember, 1861,  pp.  373-390. 

^giothus  roatratus  (p.  378),  JB-  exilipes  (p.  385),  spp. 
nov. 

1862. 

4.  List  of  Birds  ascertained  to  inhabit  the  District  of  Ck)lumbia,  with 

the  times  of  Arrival  and  Departure  of  such  as  are  non- 
residents, and  brief  notices  of  Habits,  etc.  By  Elliott  Coues 
and  D.  Webster  Prentiss.  Sixteenth  Ann.  Rep.  Smithsonian 
Institution,  for  1861   (1862),  pp.  399-421. 

5.  Synopsis  of  the  North  American  Forms  of  the  Colymbidse  and 

PodicipidiB.  Proc.  Acad.  Nat.  Sci.  Philadelphia,  Vol.  XIV, 
April,  1862,  pp.  226-233,  404. 

^chmophorus  (p.  229),  gen.  nov. 
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6.  Revision  of  the  Gulls  [Larinse]  of  North  America;  based  upon 

specimens  in  the  Museum  of  the  Smithsonian  Institution. 
Proc  AcacL  Nat  Sci.  Philadelphia,  Vol.  XIV,  June,  1862, 
pp.  291-312. 

Larus  amitJisonianus  (p.  296),  sp.  nov. 

Abstract  of  a  monograph  revised  and  published  in 
the  "Birds  of  the  Northwest,"  1874,  pp.  589-662. 

7.  A  Review  of  the  Terns  [Stemlnse]  of  North  America.    Proc.  Acad. 

Nat  Sd.  Philadelphia,  VoL  XIV,  December,  1862,  pp.  535-559. 
Republished,  with  additions,  in  "Birds  of  the  North- 
west," 1874,  pp.  662-717. 

1863. 

8.  Additional  Remarks  on  the  North  American  ^giothi.    Proc.  Acad. 

Nat  Sci.  Philadelphia,  Vol.  XV,  February,  1863,  pp.  40,  41. 

9.  On  the  Lestris  richardsoni  of  Swainson ;  with  a  Critical  Review 

of  the  Subfamily  Lestridinse.  Proc.  Acad.  Nat  Sci.  Phila- 
delphia, Vol.  XV,  May,  1863,  pp.  121-138. 

1864. 

10.  The  Crania  of  Colymhus  iorquatus  and   C,  adamsii  compared. 

Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XVI,  February.  1864, 
pp.  21,  22. 

11.  A  Critical  Review  of  the  Family  Procellariidoe :  Part  I,  embracing 

the  ProcellarieiB,  or  Stormy  Petrels.  Proc.  Acad.  Nat  Sci. 
Philadelphia,  Vol.  XVI,  March,  1864,  pp.  72-91. 

Cymochorea   (p.  75),  Halocyptena   (p.  78),  genu,  nov.; 
C  homochroa  (p.  77),  H.  tnicrosoma  (p.  79),  spp.  nov. 

12.  A  Critical  Review  of  the  Family  Procellariidse :  Part  II,  embrac- 

ing the  Pufflnese.  Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol. 
XVI,  1864,  pp.  116-144. 

NecirU  amaurosotna    (p.   124),^  Puffinus  creatopus    (p. 
131),  P.  opisthomelds  (p.  139),  spp.  nov. 

13.  Notes  on  certain  Central  American  Larida",  collected  by  Mr.  Os- 

bert  Salvin  and  Mr.  F.  Godman.    Ibis,  July,  1864,  pp.  387-393. 

1865. 

14.  Ornithology  of  a  Pralrle-Joumey,  and  Notes  on  the  Birds  of 

Arizona.     Ibis,  April,  1865,  pp.  157-165. 

15.  [Notes  on  Birds  observed  at  Fort  Whipple,  Arizona]..  Ibis,  Octo- 

ber, 1865,  pp.  535-538. 

Extracts  from  a  letter  to  the  Editors.    Empidonax  pyg- 
mwua  (p.  537),  sp.  nov. 
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)866. 

16.  List  of  the  Birds  of  Fort  Whipple,  Arizona:  with  which  are  in- 

corporated ail  other  species  ascertained  to  inhabit  the  Terri- 
tory ;  with  brief  critical  and  field  notes,  descriptions  of  new 
species,  etc.  Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XVIII, 
March,  1866,  pp.  39-100. 

Fifty  copies  reissued,  with  new  pagination  and  title  page, 
as:  "Prodrome  of  a  Work  on  the  Ornithology  of  Ari- 
zona Territory,"  pp.  1-64. 
Micrathene  (p.  51),  Aayndesmua  (p.  55),  Podctsocys 
(p.  96),  genn.  nov. ;  Mitrepharus  pallescens  (p.  63 
=  Empidonax  pygmwus  Ck)ues,  1865),  Vireo  plum^ 
l)eu8  (p.  74),  V.  vicinior  (p.  75),  V,  pusilltis  (p. 
76),  spp.  nov.,  Chrysomitris  mexicanuM  var.  oK- 
zoncB  (p.  82),  var.  nov. 

17.  A  Critical  Review  of  the  Family  Procellariid» :  Part  III,  embrac- 

ing the  Fulmareo}.  Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol. 
XVIII,  March,  1866,  pp.  25-33. 

18.  Critical  Review  of  the  Family  Procellarlidae :  Part  IV,  embracing 

the  ^strelateai  and  Prionese.    Proc.  Acad.  Nat  Sci.  Philadel- 
phia, Vol.  XVIII,  May,  1866,  pp.  134-172. 
Pscudoprion  (p.  164),  gen.  nov. 

19.  Critical  Review  of  the  Family  Procellariidffi :  Part  V,  embracing 

the  Diomedeina?  and  the  Halodrominje.  With  a  General  Sup- 
plement Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XVIII, 
May,  1866,  pp.  172-197. 

Diomcdea  giUiana   (p.  l8l),  sp.  nov. 

20.  The  Osteology  of  the  Coly tubus  torquatus;  with  notes  on  its  My- 

ology. Mem.  Boston  Soc.  Nat  Hist,  Vol.  I,  pt  ii,  November, 
1866,  pp.  131-172. 

1868. 

21.  A  Monograph  of  the  Alcidfe.    Proc.  Acad.  Nat  Sci.  Philadelphia, 

Vol.  XX,  January,  1868,  pp.  2-81,  figg.  1-16. 
Sh)iorhyiichus  cassini   (p.  45),  sp.  nov. 

22.  List  of  Birds  collected  in  Southern  Arizona  by  Dr.  B.  Palmer; 

with  remarks.  Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XX, 
January,  1868,  pp.  81-85. 

23.  Synopsis  of  the  Birds  of  South  Carolina.    Proc.  Boston  Soc.  Nat 

Hist,  Vol.  XII,  October,  1868,  pp.  104-127. 

24.  Catalogue  of  the  Birds  of  North  America  contained  in  the  Museum 

of  the  Essex  Institute;  with  which  is  incorporated  a  List  of 
the  Birds  of  New  Enjjland.  With  Brief  Critical  and  Field 
Notes.     I'roc.  Essex  Inst..  Vol.  V.  1868.  pp.  249-314. 

25.  Bird's-P]ye  Views.     American  Naturalist,  Vol.  II.  December.  1868, 

pp.  505-513;  Vol.  II,  January,  1869,  pp.  571-583,  figg. 
On  the  structure  of  the  eye  in  birds. 
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1869. 


26.  Seaside  Homes.    American  Naturalist,  Vol.  Ill,  September,  18G0, 

pp.  337-349. 

Breeding   habits   of  Sterna   antiltarum   and   ^gialites 
iioiUonitis, 

27.  On  Variation  in  tbe  Genus  ^giothus.     Proc.  Acad.  Nat.   Sci. 

Philadelphia,  Vol.  XXI,  October,  1869,  pp.  180-189. 
Supplementary  to  No.  3,  above. 

28.  On  the  Classification  of  Water  Birds.     Proc.  Acad.   Nat   Sci. 

Philadelphia^  Vol.  XXI,  December,  1869,  pp.  193-218. 

1870. 

29.  The  Clapper  Rail  [Rallus  crepitans],    American  Naturalist,  Vol. 

Ill,  January,  1870,  pp.  000-607. 

30.  The  Great  Auk  [Alca  impennis].    American  Naturalist,  Vol.  IV, 

March,  1870,  p.  57. 

31.  The  Natural  History  of  Quiscalus  major.    Ibis,  July,  1870,  pp. 

367-37a 

1871. 

32.  Notes  on  the  Natural  History  of  Fort  Macon,  N.  C,  and  Vicinity. 

No.  I,  Vertebrates.    Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol. 
XXIII,  May,  1871,  pp.  12-49.     (Birds,  pp.  18-47.) 

33.  Progress  of  American  Ornithology.    American  Naturalist,  Vol.  V, 

August,  1871,  pp.  364-373. 

A  review  of  J.  A.  Allen's  "On  the  Mammals  and  Winter 
Birds  of  East  Florida"  (Bull.  Mus.  Ctomp.  Zool.,  Vol. 
II,  No.  3,  pp.  161-451,  pU.  iv-viii,  April,  1871),  with 
discussion  of  positions  taken  by  this  author.  The 
main  points  here  contested  were  soon  after  conceded 
and  made  the  basis  of  his  revisions  of  species  in  the 
first  edition  of  the  "Key,"  in  1872.  The  correspond- 
ence between  the  two  authors  during  this  period, 
would  tnrow  much  light  on  the  "new  departure"  that 
marked  this  period  in  American  ornithology. 
PipUo  alleni  (footnote,  p.  366),  sp.  no  v. 

34.  The  Yellow-headed  Blackbird   [Xanthoecphalua  icterocephalus], 

American  Naturalist,  Vol.  V,  June,  1871,  pp.  195-200  and  fig. 

Mbi8.  Bullock's  Oriole  [Icterus  hullocki].  American  Naturalist,  No- 
vember, 1871,  pp.  678-682  and  fig. 

36.  The  Long-crested  Jay  [Oyanura  macrolopha],  American  Natu- 
ralist, Vol.  V,  December,  1871,  pp.  770-775. 

1872. 

36.  Mechanism  of  Flexion  and  Extension  in  Birds'  Wings.  Proc. 
American  Assoc.  Adv.  Sci.,  Vol.  XX,  for  1871  (1872),  pp. 
278-284,  figs. 
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37.  Observations  on  Picicorvus  columbianua.     Ibis,   January,   1872, 

pp.  52-59. 

38.  Contribution  to  the  History  of  the  Blue  Crow  [Oymnokitta  cyano- 

cephala]  of  America.    Ibis,  April,  1872,  pp.  152-158. 

39.  The  Nest,  Eggs,  and  Breeding  Habits  of  Harporhj/nchus  crissalis. 

American  Naturalist,  Vol.  VI,  June,  1872,  pp.  370,  371. 

40.  A  New  Bird    [Olaucidium  ferrugineum]   to  the  United   States. 

American  Naturalist,  Vol.  VI,  June,  1872,  p.  370. 

41.  Studies  of  the  Tyrannido^.     Part  I:  Revision  of  the  Species  of 

Myiarchus,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  Vol.  XXIV, 
1872,  pp.  56^1. 

42.  Material  for  a  Monograph  of  the  Spheniscidse.    Proc  Acad.  Nat 

Sci.  Philadelphia,  Vol.  XXIV,  September,  1872,  pp.  170-212, 
pll.  iv,  V. 

43.  Key  to  North  American  Birds,  containing  a  concise  account  of 

every  species  of  Living  and  Fossil  Bird  at  present  known 
from  the  Continent  north  of  the  Mexican  and  United  States 
Boundary.  Illustrated  by  6  steel  plates  and  upwards  of  250 
woodcuts.  By  Elliott  Coues,  Assistant  Surgeon,  United  States 
Army.  Salem:  Naturalists'  Agency.  New  York:  Dodd  and 
Mead.  Boston:  Estes  and  Lauriat  1872.  1  vol.,  imp.  8vo, 
4  prel.  11.,  pp.  1-361,  1  1.,  pll.  i-vi,  flgg.  1-238.  (Pub.  October, 
1872.) 

Spisella  aocialis  var.  arizowB  (p.  143),  Ortyx  viryinianus 
var.  floridanus  (p.  237),  varr.  nov. 

1873. 

44.  Some  United   States  Birds,  New  to   Science,   and  other  Things 

Ornithological.  American  Naturalist,  Vol.  VII,  June,  1873, 
pp.  321-331,  flgg.  65-1 0. 

Peucaa  carpalis   (p.  322),  Harporhynchus  bendirei   (p. 
330),  spp.  nov. 

45.  New  Avian  Subclass  [Odontomlthes].    American  Naturalist,  Vol. 

VII,  June,  1873,  p.  364. 

46.  Color- variation    In    Birds   Dependent   upon    Climatic   Influences. 

American  Naturalist,  Vol.  VII,  July,  1873,  pp.  415-4ia 

47.  Notice  of  a  Rare  Bird  [Cotumiculus  lecontei],    American  Natu- 

ralist, Vol.  VII,  December,  1873.  pp.  748,  749. 

48.  Notes  on  Two  little-known  Birds  of  the  United  States  [Centronyx 

hairdi,  Anthus  spraguii],  American  Naturalist,  Vol.  VII, 
November,  1873,  pp.  605-697. 

49.  Report  on  the  Prybllov  Group,  or  Seal  Islands,  of  Alaska.     By 

Henry  W.  Elliott,  Assistant,  Treasury  Department  Wash- 
ington :  Government  Printing  Oflice.  1873.  1  vol.,  oblong 
4to.  (Appendix:  Ornithology  of  the  Prybllov  Islands.  By 
Dr.  Elliott  Coues,  U.  S.  A.) 
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This  is  the  original  edition.    Other  editions  appeared  in 
1875.    Not  paged. 
Tringa  ptiloctiemis,  sp.  nov. 

50.  A    Checlc   List   of   North   American    Birds.     By    Elliott   Ck)ues. 

Salem.    Naturalists'  Agency.    1873,  8vo,  2  prel.  11.,  pp.  1-137, 

2  11. 

This  is  the  original  edition,  separately  published,  De- 
cember, 1873;  also  reissued  with  "Field  Ornithology," 
1874.     (See  No.  51.) 

1874. 

51.  Field  Ornithology.    Comprising  a  Manual  of  instruction  for  pro- 

curing, preparing,  and  preserving  Birds,  and  a  Checlc  List  of 
Nocth  American  Birds.  By  Dr.  Elliott  Coues,  U.  S.  A. 
Salem :  Naturalists'  Agency.  Boston :  Estes  &  Lauriat  New 
York:  Dodd  &  Mead.  January,  1874.  1  vol.,  8vo,  pp.  i-iv., 
1-116,  1-137.     (See  No.  50.) 

52.  [On  the  Classification  of  Birds,  with  Characters  of  the  Higher 

Groups,  and  Analytical  Tables  of  North  American  Families.] 
Baird,  Brewer,  and  Ridgway's  Hist  North  American  Birds, 
Vol.  I,  1874,  pp.  xiv-xxviii. 

53.  [Glossary  of  Technical  Terms  used  in  Descriptive  Ornithology. 

Including  a  number  of  prominent  Anatomical  and  Physio- 
logical Terms].  Baird,  Brewer,  and  Ridgway's  Hist.  North 
American  Birds,  Vol.  Ill,  1874,  pp.  535-560. 

54.  Habits  and  Characteristics  of  Swainson's  Buzzard  [Butco  swain- 

soni],  American  Naturalist,  Vol.  VIII,  May,  1874,  pp.  282- 
287. 

■ 

55.  [A   Recently]    New    Species   of   North   American   Bird    [Tringa 

ptilocnemi^t],  American  Naturalist,  Vol.  VII,  August,  1874, 
pp.  600,  501. 

Republication  of  the  original  description.  (See  above, 
No.  49.) 

56.  New  Variety  of  the  Blue  Grosbeak  [Guiraca  cwrulea  eurhyncha], 

American  Naturalist,  Vol.  VII,  September,  1874,  p.  563. 

57.  On  the  Nesting  of  Certain   Hawks,  etc.     American  Naturalist, 

Vol.  VII,  October,  1874,  pp.  596-603. 

Falco  communis,  Buteo  stcainsoni,  Archibuteo  ferru- 
gineus,  and  other  birds  of  Montana. 

58.  Birds  of  the  Northwest:  A  Hand-book  of  the  Ornithology  of  the 

Region  drained  by  the  Mississippi  River  and  its  Tributaries. 
By  Elliott  Coues,  Captain  and  Assistant  Surgeon.  U.  S.  Army.  - 
U.   S.   Geol.   and  Geogr.   Surv.  Terr.,   Miscell.   Publ.   No.  3. 
1874.    1  vol.,  8vo,  pp.  i-xii,  1-791. 

Eremophila  alpestris  b.  leucolamia  (p.  38),  var.  nov. 
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1875. 

59.  Fasti  OrnlthologiDC  RedivIvL    No.  1.    Bartram'a  •^Travels."    Proc. 

Acad.  Nat.  Sci.  Philadelphia,  Vol.  XXVII,  1876.  pp.  338-358. 
Claims  tenability   for  twenty  of  Bartram's  names  of 
North  American  Birds.     (See  also  No.  65.) 

60.  On   the   Breeding  of   Certain   Birds    [in   Montana].     American 

Naturalist,  Vol.  IX,  February,  1875,  pp.  75-78. 

187a 

61.  On   the   Breeding-habits,   Nest,   and   Eggs,   of   the   White-tailed 

Ptarmigan  (Lagopus  leucttrus).  Bull.  U.  S.  Oeol.  and  Geogr. 
Surv.  Terr.,  2d  ser.,  No.  5,  January,  1876,  pp.  263-266. 

62.  An  Account  of  the  various  Publications  relating  to  the  Travels  of 

Lewis  and  Clarke,  with  a  Commentary  on  the  Zoological 
Results  of  their  Expedition.  Bull.  U.  S.  Geol.  and  Geogr. 
Surv.  Terr.,  2d  ser..  No.  6,  February,  1876,  pp.  417-444. 

63.  Contributions  to  the  Natural  History  of  Kergulen  Island,  etc.. 

Oology,  etc.  By  J.  H.  Kidder  and  Elliott  Cones.  Bull.  U.  S. 
Nat.  Mus.,  No.  3,  February,  1876,  pp.  7-20. 

64.  A  study  of  Chionis  minor  with  reference  to  its  Structure  and 

Systematic  Position.  By  J.  H.  Kidder,  U.  S.  N.,  and  Elliott 
Coues,  U.  S.  A.  Bull.  U.  S.  Nat.  Mus.,  No.  3,  February,  1876, 
pp.  85-116. 

65.  Ueply  to  Mr.  J.  A.  Allen's  "Availability  of  certain  Bartramiau 

Names  in  Ornitholof^y."  American  Naturalist,  Vol.  X,  Feb- 
ruary, 1876,  pp.  98-102.     (See  No.  59.) 

66.  The    Labrador    Duck     [Camptolwmus    lahradorius].      American 

Naturalist,  Vol.  X,  May,  1870,  p.  303. 
07.  Notable  Change  of  Habit  of  the  Bank  Swallow   [Stelgidopteryx 

serripcnnis],     American  Naturalist,  Vol.  X,  June,  1870,  pp. 

372,  373. 
68.  Tarsal  Enveloi>e  in  Campj/lorhyncJins  and  allied  Genera.     Bull. 

Nutt.  Orn.  Club.  Vol.  I.  July,  1870,  pi».  50,  51. 
09.  On  the  Number  of  Primaries  in  Osolues.     Bull.  Nutt.  Orn.  Club, 

Vol.  I,  September,  1870,  pp.  00-03. 

1877. 

70.  Corrections  of  Nomenclature  in  the  Genus  Siurus.     Bull.  Nutt. 

Orn.  Club,  Vol.  II,  April.  1877,  pp.  29-33. 

71.  Notes  on  the  Ornitholojry  of  the  Region  about  the  Source  of  the 

Red  River  of  Texas,  from  Observations  made  during  the 
Explorations  conducted  by  Lieut.  E.  11.  Ruffner,  Corps  of 
Engineers,  T^  S.  A.  By  O.  A.  H.  McCauley,  Lieut  Third 
United  States  Artillery.  Annotated  by  Dr.  Elliott  Coues, 
U.  S.  A.  Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  II, 
May,  1877,  pp.  055-095. 
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72.  Leptoptila  alhifrona,  a  Pigeon  new  to  the  United  States  Fauna. 

Bull.  Nutt.  Orn.  Club,  Vol.  II,  1877,  pp.  82,  83. 

187a 

73.  Notes  on  the  Natural  History  of  Fort  Macon,  N.  C,  and  Vicinity. 

No.  4.  By  Drs.  Elliott  Coues  and  H.  C.  Yarrow.  Proc.  Acad. 
Nat.  Sci.  Philadelphia,  Vol.  XXX,  1878,  pp.  21-28.  (Birds, 
pp.  22-24.) 

74.  Note  on  Pasaerculus  hairdi  and  P.  princepa.     Bull.  Nutt.  Om. 

Club,  Vol.  Ill,  January,  1878,  pp.  1-3,  pi.  coFd. 

75.  Notes  on  the  Ornithology  of  the  Ijower  Rio  Grande  of  Texas,  from 

Observations  made  during  the  seav«»on  of  1877.  By  George  B. 
Sennett  Edited,  with  Annotations,  by  Dr.  Elliott  Coues, 
U.  S.  A.  Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  IV, 
February,  1878,  pp.  1-C6. 

Panda  nigrilora  (p.  11),  sp.  nov. 

76.  On  the  Moult  of  the  Bill  and  Palpebral  Ornaments  in  FrntcrcuJa 

arctica.    Bull.  Nutt.  Om.  Club,  Vol.  Ill,  April,  1878,  pp.  87-91. 

77.  The  Eave,  Cliff,  or  Crescent  Swallow   (Petrochelidon  lunifrons). 

Bull.  Nutt  Om.  Club,  Vol.  Ill,  July,  1878,  pp.  105-112. 

78.  Field-Notes  on  Birds  observed  in  Dakota  and  Montana  along  the 

Forty-ninth  Parallel  during  the  seasons  of  IHlli  and  1874. 
Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  IV,  July,  1878, 
pp.  545-662. 

79.  Birds  of  the  Colorado  Valley:   A  Repository  of   St-ientific   and 

Popular  Information  concerning  North  American  Ornithol- 
ogy. Part  I,  Passeres  to  Laniidie.  Bibliographical  Appen- 
dix. Miscellaneous  Publ.  No.  8,  U.  S.  Geol.  and  Geogr.  Surv. 
Terr.,  1878,  8vo,  pp.  i-xvl,  1-807,  flgg.  1-70. 

Bibliographical  Appendix  also  separate,  pp.  1-218. 

1879. 

80.  Private  Letters  of  Wilson,  Ord  and  Bonaparte.     Penn  Monthly, 

Vol.  X,  June,  1879,  pp.  443-455. 

Alexander  Wilson  to  A.  Lawson;  G.  Ord  to  A.  Wilson; 
C.  L.  Bonaparte  to  A.  Lawson. 

81.  History    of   the    Evening    Grosbeak    [Hespcriphona   vespertina]. 

Bull.  Nutt.  Orn.  Club,  Vol.  IV,  April,  1879,  pp.  05-75. 

82.  On  the  Present  Status  of  Passer  domcsticus  in  America,  with 

Special  Reference  to  the  Western  States  and  Territories. 
Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  V,  No.  2, 
September,  1879,  pp.  175-193. 

83.  Second    Instalment    of    American    Ornithological    Bibliography. 

BuH.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  V,  September, 
1879,  pp.  239-330. 

Relates  to  the  ornithology  of  Central  and  South  America. 
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84.  Note  on  the  Black-capped  Greenlet,  Vireo  atricapiUua  of  Wood- 

house.  Bull.  Nutt  Orn.  CJub,  Vol.  IV,  July,  1879,  pp.  183, 
194,  pL  i  (colored). 

85.  Note  on  Alle  nigricans  Link.     Bull.  Nutt  Om.  Club,  Vol.  IV, 

October,  1879,  p.  244. 

Alle  Link  (1806)  antedates  MergulUa  Vieillot  (1816)  for 
Alca  alle  Linn. 

86.  Further  Notes  on  the  Ornithology  of  the  Lower  Rio  Grande  of 

Texas,  from  Observations  made  during  the  Spring  of  1878. 
By  George  B.  Sennett.  Edited  with  Annotations,  by  Dr. 
Elliott  Coues,  U.  S.  A.  Bull.  U.  S.  Geol.  and  Geogr.  Surv. 
Terr.,  Vol.  V,  November,  1879,  pp.  371-440. 

1880. 

87.  Sketch  of  North  American  Ornithology  in  1879.    American  Nat- 

uralist, Vol.  XIV,  January,  1880,  pp.  20-25. 

88.  On  the  Nesting  in  Missouri  of  Empidonax  acadicus  and  Empi- 

donax  trailli.  Bull.  Nutt.  Om.  Club,  Vol.  V,  January,  1880, 
pp.  20-25. 

89.  Notes  and  Queries  concerning  the  Nomenclature  of  North  Ameri- 

can Birds.  Bull.  Nutt.  Om.  Club,  Vol.  V,  April,  1880,  pp. 
95-102. 

90.  Further  Light  on  the  Moult  of  the  Bill  in  certain  Mormonidsp. 

Bull.  Nutt.  Om.  Club,  Vol.  V,  April,  1880,  pp.  127,  128. 

91.  Fourth  Instalment  of  Ornithological  Bibliography:  being  a  List 

of  Faunal  I^blicatlons  relating  to  British  Birds.  Proc.  U.  S. 
Nat.  Mus.,  Vol.  II,  May,  1880,  pp.  359-482. 

This  instalment  antedates  the  Third  (see  below.  No.  03). 

92.  Note  on  Grus  fratcrculus  of  Cassin.     Bull.  Nutt.  Om.  Club,  Vol. 

V,  July,  1880,  p.  188. 
03.  Third  Instalment  of  American  Ornithological  Bibliography.    Bull. 
U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  V,  No.  4,  September, 
1880,  pp.  521-1066. 

Systematic    Ornithology;    not    published    till    after    the 
Fourth  Instalment  (see  above,  No.  91). 

1881-1883. 

94.  New  England  Bird  Life,  being  a  Manual  of  New  England  Oml- 
tliolojry,  revised  and  edited  from  the  Manuscript  of  Winfrld 
A.  Steams.  Member  of  the  Nuttall  Ornithological  Club,  etc. 
By  Dr.  Elliott  Coues,  U.  S.  A.,  Member  of  the  Academy,  etc. 
Part  I,  Oscinos.  Boston:  Lee  and  Shepard,  Publishers;  New 
York:  Cliarlos  T.  Dillinjj:ham.  1881,  1  vol.  8vo.  Title  and 
pp.  1-.S24,  text  fii:?.  1-50.  Part  II,  Non-Oacinine  Passeres, 
Birds  of  Proy.  Game  and  Water  Birds.  1  vol.  8vo,  1883. 
pp.  1-400,  text  figg.  1-88. 
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1882. 

05.  Note  on  Mitrepahnea,  a  new  Generic  Name.     BulL  Nutt  Orn. 
Club,  Vol.  VII,  1882,  p.  55. 

To  replace  Mitrephorus  Sclater,  preoccupied. 

1883. 

96.  Generic  and  Specific  Appellations  of  North  American  Birds.    Bull. 

Nutt  Om.  Club,  Vol.  VII,  1883,  pp.  178,  179. 

97.  Note  on  Passerculus  cahoii.     Bull.  Nutt  Om.  Club,  Vol.  VIII, 

1883,  p.  58. 

Young  of  Melospiza  palustris. 

98.  Nest  and  Eggs  of  Myiadestea  tovmsendi.    Bull.  Nutt  Om.  Club, 

Vol.  VIII,  1883,  p.  239. 

99.  A  Hearing  of  Birds'  Ears.     Science,  Vol.  II,  1883,  pp.  422-424, 

552-554,  586-589,  9  text  flgg. 

The  structure  of  tbe  ear  In  birds. 

100.  On  the  Application  of  Trinomial  Nomenclature  to  Zoology.    Zool- 

ogist, 3d  ser..  Vol.  VIII,  July,  1883,  pp.  241-247. 

101.  Avifauna  Columbiana:  being  a  List  of  Birds  ascertained  to  in- 

habit the  District  of  Columbia,  with  the  times  of  arrival  and 
departure  of  such  as  are  non-residents,  and  brief  notices  of 
habits,  etc.  The  Second  edition,  revised  to  date,  and  entirely 
rewritten.  By  Elliott  Coues,  M.  D.,  Ph.  D.,  Professor  of 
Anatomy  in  the  National-  Medical  College,  etc.,  and  D.  Web- 
ster Prentiss,  A.  M.,  M.  D.,  Professor  of  Materia  Medica  and 
Therapeutics  in  the  National  Medical  College,  etc.  Bull. 
•IT.  S.  Nat  Mus..  No.  26,  1883.  8vo,  pp.  1-133,  frontispiece, 
100  text  figg.  and  4  maps. 

V 

1884. 

102.  Oraithophilologicalities.     Auk,  Vol.  I,  1884.  pp.  49-58.  140-144. 

Reply  to  a  critique  by  Augustus  C.  Merriam  on  the 
philological  portion  of  the  **Coues  Check  List  and 
Lexicon  of  North  American  Birds"  (ibid,,  pp.  36-49). 

103.  Trinomials  are  Necessary.    Auk.  Vol.  I,  1884.  pp.  197,  198. 

104.  On  some  new  Terms  recommended  for  use  in  Zoological  Nomen- 

clature.   Auk,  Vol.  I.  1884,  pp.  320^22. 

105.  Strickland  as  an  Advocate  of  "Llnnieus  at  *58."     Auk,  Vol.  1, 

1884,  p.  400. 

106.  Key  to  North  American  Birds.    Containing  a  concise  account  of 

every  species  of  living  and  fossil  bird  at  present  known 
from  the  Continent  north  of  the  Mexican  and  United  States 
Boundary,  inclusive  of  Greenland.  Second  Edition,  revised 
to  date,  and  entirely  rewritten:  with  which  are  incorporated 
General  Ornithology :  an  outline  of  the  structure  and  classi- 
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fication  of  birds,  and  Field  Ornithology:  a  Manual  of  col- 
lecting, preparing,  and  preserving  birds.  Profusely  illus- 
trated. Boston:  Estes  and  Lauriat  1884.  Royal  8yo,  pp. 
i-xxx,  1-8C3,  colored  frontispiece  (anatomy  of  pigeon),  and 
563  text  flgg. 

1887. 

107.  Key  to  North  American  Birds.    Containing  a  concise  account  of 

every  species  of  living  and  fossil  bird  at  present  known 
from  the  Continent  north  of  the  Mexican  and  United  States 
Boundary,  inclusive  of  Greenland  and  Lower  California,  with 
which  are  incorporated  General  Ornithology:  an  outline  of 
the  structure  and  classification  of  birds;  and  Field  Orni- 
thology, a  Manual  of  collecting,  preparing,  and  preserving 
birds.  The  Third  Edition,  exhibiting  the  Nomenclature  of 
the  American  Ornithologists*  Union,  and  including  descrip- 
tions of  additional  species,  etc.  Profusely  illustrated.  Bos- 
ton: Estes  and  Lauriat.  1887.  Roy.  8vo,  pp.  i-x,  i-xxx,  1-885, 
colored  frontispiece  (anatomy  of  pigeon),  and  561  text  flgg. 
Main  text  same  as  1884  ed.,  with  new  title-page,  and  new 
matter  in  an  appendix  (pp.  865-896). 

1888. 

108.  New  Fo^ms  of  North  American  Chordilea,     Auk,  Vol.  V,  1888, 

p.  37. 

C.  sennetti  and  C.  chapmani  spp.  nov. 

109.  Note  on  RostratuliniE  [subfam.  nov.].    Auk,  Vol.  V,  1888,  p.  204. 

110.  Corydomorphae  [superfam.  nov.].    Auk,  Vol.  V,  1888,  p.  207. 

111.  Notes  on  the  Nomenclature  of  Ihe  Muscles  of  Volation  Tn  Birds' 

Wings.    Auk,  Vol.  V,  1888,  pp.  435-437. 

1889. 

112.  A  new  Generic  Name  for  the  Elf  Owl  [MicropallaSy  nom.  nov.]. 

Auk,  Vol.  VI,  1889,  p.  71. 

To  replace  Micrathene  Coues,  1866,  preoccupied. 

1890. 

113.  Key  to  North  American  Birds.    Fourth  Edition,  1890.    Same  as 

third  edition,  with  the  addition  of  a  "Second  Appendix,"  pp. 
897-907,  giving  additional  species  and  subspecies,  and  **notes 
every  further  change  rei)orted  by  the  [American  Ornitholo- 
gists'] Unlou's  Committee  from  1887  to  January  [1890]  in- 
clusive." 

1891. 

114.  Sccnopaoctes  densirostris  [nom.  gen.  nov.].    Auk,  Vol.  VIII,  1891, 

p.  115. 
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1896. 

115.  G&tke*8  "Heligoland."    Auk,  Vol.  XII,  1895,  pp.  322-346. 

Review  of  the  work,  with  an  extended  list  of  birds  ob- 
served by  Gfttke  at  Heligoland. 

1898. 

116.  Merrem's  Work.    Auk,  Vol.  XIII,  1896,  pp.  265,  26a 

Collation,  and  list  of  the  birds  described  and  figured 
in  it 

1897. 

117.  Zamelodia  against  Habia.    Auk,  Vol.  XIV,  1897,  pp.  39-42. 

118.  Asarcia  spinoaa.    Auk,  Vol.  XIV,  1897,  p.  88. 

Fulica  spinoaa  Linn.  1758  =  Parr  a  variabilis  Linn.  1766. 

119.  CuculidBB  of  the  A.  O.  U.  List    Auk,  Vol.  XIV,  1897,  pp.  90,  91. 

Three  subfamilies  are  recognized. 

120.  Authority  for  the  Name  Myiarchua  mexicanus.    Auk,  Vol.  XIV, 

1897,  p.  92. 

M.  mexicanua  Baird  a  synonym  of  M.  dneraacena  Lawr. 

121.  Ammodramua  (Paaaerculua)  aanctorum  Coues.    Auk,  Vol.  XIV, 

1897,  p.  92. 

The  validity  of  the  species  affirmed,  and  Ammodramua 
(Paaaerculua)  aandtcichcnaia  wilaonianua  proposed  as 
a  new  name  for  A,  a,  aavanna  (Wils.). 

122.  Rectifications  of  Synonymy  in  the  Genus  Junco.    Auk,  Vol.  XIV, 

1897,  pp.  94,  95. 

J,  danbyi  Ck)ues,  young  of  J.  aikeni;  J.  h,  ahufeldti 
Goale  =f  J,  h,  connectena  CJoues. 

123.  Characters  of  Dendroica  ccBruleacetia  caimai  Coues.     Auk,  Vol. 

XIV,  1897,  pp.  96,  97. 

D.  c.  caimai  redescribed. 

124.  Note  on  the  Genus  Lucar  bartram.    Auk,  Vol.  XIV,  1897,  p.  97. 

Lucart  it  is  claimed,  should  replace  Galeoacoptea  as  the 
tenable  generic  name  for  the  Catbird. 

125.  Uria  lomvia  in  South  Carolina.    Auk,  Vol.  XIV,  1897,  pp.  202, 203. 

Believed  to  be  the  first  record  of  the  species  for  South 
Carolina. 

126.  Type  locality  of  Fuligula  collaria.     Auk,  Vol.  XIV,   1897,  pp. 

206,  207. 

Based  on  a  British  killed  specimen. 

127.  Dafllula,   a   new   Subgenus    [for   Querquedula   eatoni   Sharpel. 

Auk,  Vol.  XIV,  1897,  p.  207. 

128.  Branta  bemicla  glaucogaaira.    Auk.  Vol.  iCIV,  1897,  pp.  207, 208. 

Replaces  typical  B,  bemicla  in  North  America. 

129.  A  North  American  Snipe  [Oallinago  major]  New  to  the  A.  O.  U. 

List     Auk,  Vol.  XIV,  1897,  p.  209. 
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130.  Status  of  Helodromas  ochropua  in  thd  A.  O.  U.  List    Auk,  Vol. 

XIV,  1897,  pp.  210,  211. 

Recalls  an  early  overlooked  record. 

131.  Status  of  tbe  Redshank  [Totanus  totanua  (Linn.)]  as  a  North 

American  Bird.    Apk,  Vol.  XIV,  1897,  pp.  211,  212. 

Attention  called  to  an  early  record  in  "Fauna  Boreali- 
Americana,"  Vol.  II,  1831,  p.  391. 

132.  Validity  of  the  Genus  Lophortyx,    Auk,  Vol.  XIV,  1897,  p.  215. 

Considered  to  be  a  well  characterized  genus. 

133.  Notes  on  the  Mexican  Ground  Dove.    Auk,  Vol.  XIV,  1897,  p.  215. 

Columhigallina  passer iyia  pallescens  (Baird)  maintained 
as  a  good  subspecies;  also  important  comment  on  the 
generic  name  Columhigallina. 

134.  Note  on  Elanus  glaucus  [Barton].    Auk,  Vol.  XIV,  1897,  p.  216. 

135.  Untenability  of  the  Genus  Sylvania  Nutt    Auk,  Vol.  XIV,  1897, 

pp.  223,  224. 

To  be  replaced  by  Wilsonia  Bonap. 

136.  The  most  General  Fault  of  the  A.  O.  U.  Check-List.    Auk,  Vol. 

XIV,  1897,  pp.  229-231. 

Respecting  the  sequence  of  genera  and  subfamilies 
within  their  respective  families. 

137.  The  Turkey  Question.    Auk,  Vol.  XIV,  1897,  pp.  272-275. 

Mcleagris  gallopavo  Linn,  restricted  to  the  Mexican  form. 

138.  Note  on  Payophila  alha.    Auk,  Vol.  XIV,  1897,  p.  313. 

Pagophila  Kaup  urged  as  the  proper  generic  name  of  the 
species,  in  place  of  Oavia  Boie,  untenable  in  this  con- 
nection. 

139.  Onychoprion,  not  Haliplana.    Auk,  Vol.  XIV,  1897,  p.  314. 

Both  names  based  on  the  same  species,  the  former  hay- 
ing priority. 

140.  Remarks  on  certain   Procellariidte.     Auk,   Vol.   XIV,   1897,  pp. 

314,  315. 

On  the  number  and  sequence  of  the  subfamilies,  and  on 
the  status  of  some  of  the  genera  and  species. 

141.  Bibliographical  Note.    Auk,  Vol.  XIV,  1897,  pp.  327-329. 

On  the  dates  of  Major  Beudire's  early  indirect  contribu- 
tions to  ornithological  literature. 

1808. 

142.  William  Swainson  to  John  James  Audubon.    Auk,  Vol.  XV,  1898, 

pp.  11-13. 

A  hitlierto  uni)ni)lislied  letter  of  Swainson's  to  Audubon, 
in  reference  to  his  pn)i>osed  collaboration  with  Audu- 
bon  In  the  preparation  of  the  •'Ornithological  Biog- 
raphy." 
14.'5.  Notos  on  tlie  Generic  Names  of  certain  Swallows.    Auk,  Vol.  XV, 
1898,  pp.  271,  272. 

488 


ELLIOTt  COUES — ALLEN 

1899. 

144.  Note  on  Meleagris  gallopavo  fera.    Auk,  Vol.  XVI,'  1899,  p.  77. 

Addendum  to  No.  137,  above,  q,  v. 

145.  The  Finishing  Stroke  to  Bartram.     Auk,  Vol.  XVI,  1899,  pp. 

83,  84. 

Comment  on,  and  rejection  of,  current  Bartramlan 
names.  Caiharista  atrata  (Bartram)  renamed  C. 
uruhu  (VlelU.)  ;  Aphelocoma  floridana  (Bartram)  re- 
named A,  cyanea  (VleilL)  ;  Corvus  americanus  flori- 
danus  Balrd  renamed«(7.  a.  pascuus  (nom.  nov.). 

146.  On  Certain  Generic  and  Subgeneric  Names  In  the  A.  O.  U.  Check- 

List    Osprey,  Vol:  III,  1899,  p.  144. 

Believes  that  a  large  number  of  the  subgenera  should  l>e 
given  full  generic  rank,  and  that  several  additional 
subgenera  should  be  recognized. 
Pallasicarho  and  Psiloscops,  subgeim.  nov. 

1900. 

147.  Pipile  vs.  Pipilo.    Auk,  Vol.  XVII,  1900,  p.  65. 

Pipile  replaced  by  Cumana,  nom.  gen.  nov. 

148.  Strix  V8.  Aluco.    Auk,  VoL  XVII,  1900,  pp.  65,  66. 

The  two  names  should  be  transposed,  as  also  the  names 
of  the  two  families  to  which  they  respectively  belong; 
a  transposition  officially  adopted  by  the  A.  O.  U.  Com- 
mittee in  1908  (cf.  Auk.  Vol.  XXV,  1908,  pp.  288-291, 
870). 

190L 

149.  Auduboniana,  and  Other  Matters  of  Present  Interest.    Bird-Lore, 

Vol.  Ill,  1901,  pp.  9-13. 

An  address  delivered  before  the  American  Ornithologists' 
Union,  at  the  annual  meeting  held  in  New  York  City, 
November  10,  1897 ;  only  the  part  relating  to  Audubon 
here  reproduced  from  a  stenographic  report,  with  por- 
trait of  Coues. 

1903. 

150.  Key  to  North  American  Birds.    0)ntalning  a  concise  account  of 

every  species  of  Living  and  Fossil  Bird  at  present  known 
from  the  Continent  north  of  the  Mexican  and  United  States 
Boundary,  inclusive  of  Greenland  and  Lower  California. 
With  which  are  incorporated  General  Ornithology:  an  out- 
line of  the  Structure  and  Classification  of  Birds;  and  Field 
Omltliology,  a  Manual  of  collecting,  preparing,  and  preserv- 
ing Birds.  The  Fifth  Edition  (entirely  revised),  exhibiting 
the  Nomenclature  of  the  American  Ornithologists'  Union,  and 
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including  descriptions  of  additional  species.  In  Two  Vol- 
umes. By  Elliott  Goues,  A.  M.,  M.  D.,  Pb.  D.,  Late  Captain 
and  Assistant  Surgeon  U.  S.  Army  and  Secretary  U.  S.  Geo- 
logical Survey;  Vice-President  of  the  American  Ornitholo- 
gists' Union,  and  Chairman  of  the  Committee  on  the 
Classification  and  Nomenclature  of  North  American  Birds; 
Foreign  Member  of  the  British  Ornithologists'  Union ;  Corre- 
sponding Member  of  the  Zoological  Society  of  London ;  Mem- 
ber of  the  National  Academy  of  Sciences,  of  the  Faculty  of 
the  National  Medical  College,  of  the  Philosophical  and  Bio- 
logical Societies  of  Washington.  Profusely  illustrated.  Bos- 
ton :  Dana  Estes  and  Company.  1903.  2  vols.  roy.  8vo,  Vol. 
I,  pp.  i-xli,  1-535,  col.  frontispiece  (portrait  of  Author),  and 
text  figg.  1-353;  Vol.  II,  pp.  i-vi,  537-1152,  col.  frontispiece, 
and  text  figg.  354-747. 

Stellerocitta,  Sieberocitta,  Dilopholieus,  Viguacarbo,  sub- 
genn.  nov. 

MAMMALOGY. 
1867. 

151.  The  Quadrupeds  of  Arizona.    American  Naturalist,  Vol.  I,  1867, 

pp.  281-292,  351-363,  393-400,  531-541. 

Extended  notes  on  habits  and  distribution.    Sciurua  ari- 
zonensis  (p.  537),  sp.  nov. 

152.  Notes  on  a  Collection  of  Mammals  from  Arizona.     Proc.  Acad. 

Nat  Sci.  Philadelphia,  Vol.  XIX,  1867,  pp.  133-136. 
Brief  field  notes  on  28  species. 

1869. 

153.  Observations  on  the  Marsh  Hare.    Proc.  Boston  Soc.  Nat.  Hist, 

Vol.  XIII,  1869,  pp.  86-95. 

Habits,  external  and  cranial  characters  of  Lepus  palus- 
trU  Bachm. 

154.  Notice  of  a  Cyclopean  Pig.     Proc.  Boston  Soc.  Nat  Hist,  Vol. 

XIII,  1869,  pp.  93-100,  with  fig.  of  skull. 

1870. 

155.  Antero-posterior  Symmetry,  with  especial  reference  to  the  Mus- 

cles of  the  Limbs.  N.  Y.  Med.  Record,  June- September,  1870. 
pp.  149-152,  193-195,  222-224,  273,  274,  297-299,  370-372,  390. 
391,  438-440. 

1871. 

156.  l^Jotes  on  the  Natural  History  of  Fort  Macon,  N.  C,  and  Vicinity. 

Proc.  Acad.  Nat  Sci.  Philadelphia,  Vol.  XXIII,  1871,  pp. 
12-49.     (Mammals,  pp.  12-18.) 

440 


ELLIOTT  COUES — ALLEN 

157.  Former  Eastward  Range  of  the  Buffalo  [Bison  bison  (Linn.)]. 

American  Naturalist,  Vol.  V,  1871,  pp.  719,  720. 

Former  occurrence  in  West  Virginia,  as  late  as  1793- 
1798. 

158.  On  the  Myology  of  the  Omithorynchus.    Ck)mm.  Essex  Inst,  Vol. 

VI,  1871,  pp.  128-173. 

1872. 

159.  The  Osteology  and  Myology  of  Didelphys  virginiana.    With  an 

Appendix  on  the  Brain,  by  Jeffries  Wyman.     Mem.  Boston 
Soc.  Nat  Hist,  Vol.  II,  1872,  pp.  41-154. 

160.  Geographical  Distribution  of  Bassaris  astuta.    American  Natu- 

ralist, Vol  VI,  1872,  p.  364. 

1873. 

161.  The  Prairie  Wolf,  or  CJoyot6  (Canis  latrans).    American  Natu- 

ralist, Vol.  VII,  1873,  pp.  385-389. 
Relationships  with  domestic  dog. 

162.  Variation  in  Dentition.     American  Naturalist,   Vol.  VII,   1873, 

pp.  496,  497. 

Supernumerary  tooth  in  lower  jaw  of  "Canis  lupus  L., 
race  occidentalis  Rich.,  strain  griseoalbus  Bd.' 


f» 


1874. 

163.  Synopsis  of  the  Muridie  of  North  America.    Proc.  Acad.  Nat  Sci. 

Philadelphia,  Vol.  XXV,  1874,  pp.  173-196. 

Reissued    (repaged)    under   the  title  "U.   S.   Northern 

Boundary  (Commission.    ♦   ♦   ♦   Natural  History.    No. 

I.    On  the  Murldae."    pp.  1-28. 

Ochetodon  (p.  184),  Evotomys  (p.  186),  genu,  nov.; 

Vesperimus  (p.  178),  Euneomys  (p.  185),  subgenn. 

nov.;  Uesperomys  (Vesperimus)  melanophrys  (p. 

181),  B.  {Onychomys)  torridus  (p.  183),  spp.nov. 

1876. 

164.  The  Cranial  and  Dental  Characters  of  Geomyidffi.    Bull.  U.  S. 

Geol.  and  Geogr.  Survey.  Terr.,  2d  ser..  No.  2,  May,  1875, 
pp.  83-90. 
Reprinted,  with  some  modification,  in  "Monographs  of 
North  American  Rodentia,"  In  1877. 

165.  A  Critical  Review  of  the  North  American  Saccomyidse.     Proc. 

Acad.  Nat  Sci.  Philadelphia,  Vol.  XXVI,  1875,  pp.  272-327, 
3  figures  of  ears  of  three  species  of  Perognathus, 

166.  Synopsis  of  the  Geomyldie.    Proc.  Acad.  Nat  Sci.  Philadelphia, 

VoL  XXVI,  1875,  pp.  130-138. 
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Thonwmya  clusius  (pp.  135,  138),  sp.  noy. 

Abstract  of  the  memoir  published  in  full  in  "North 
American  Rodentla"  in  1877. 
1G7.  Abstract  of  Results  of  a  Study  of  the  Genera  Oeomys  and  Tho- 
momy8,    Expl.   of   CJolorado   River  of   the  West,   1869-1872 
(Powell),  1875,  pp.  217-285,  flg.  80. 

Addendum  A:  'The  cranial  and  dental  characters  of 
CJeomyidiB,"  pp.  267-279,  reprinted  from  Bull.  U.  S. 
Geol.  and  (Jeogr.  Surv.  Terr.,  2d  ser.,  No.  2,  pp.  88-90, 
May  11,  1875.  (See  No.  164.) 
Addendum  B:  Notes  on  the  ''Salamander  of  Florida 
(Oeomya  tuza),"  by  G.  Brown  Goode,  pp.  281-285. 

168.  Report  upon  the  collections  of  Mammals  made  In  portions  of 

Nevada,  Utah,  California,  Ck)Iorado,  New  Mexico,  and  Ari- 
zona during  the  years  1871,  1872,  1873.  and  1874,  by  Dr. 
Elliott  Ck)ues  and  Dr.  H.  C.  Yarrow.  Rep.  Expl.  and  Surv. 
West  of  the  One  Hundredth  Meridian,  Vol.  V,  1875,  pp.  :«- 
129. 

Notes  on  habits  and  geographical  distribution,  with  ex- 
tensive tables  of  synonymy  and  bibliographical  cita- 
tions for  many  of  the  species. 
'Oervus  virginianus  var.  couesi,  Rothrock,  MSS.,"  p.  /2, 
a  provisional  name,  but  the  authors  (p.  75)  say  they 
are  "at  present  ♦  ♦  ♦  indisposed  to  formally 
recognize  this  designation." 
•Genus  Zapus  Ck)ue8  MSS.,"  p.  99. 

169.  Some   Account,   Critical,   descriptive,  -and   historical,   of  Zapu$ 

hudHonius,  Bull.  U.  S.  Geol.  and  Geogr.  Surv.  Terr.,  2d  ser., 
No.  5,  1875,  pp.  253-262. 

Zapus,  gen.  nov. ;  Zapodid^e,  fam.  nov. 

170.  The  Cranial  and  Dental  Characters  of  Mephltinse,  w^ith  descrip- 

tion of  Mephitis  frontata,  n.  sp.  foss.  Bull.  U.  S.  Geol.  and 
Geogr.  Surv.  Terr.,  2d  ser.,  No.  1,  1875,  pp.  7-15. 

171.  The  Prairie  Gopher  [Spcnnophilus  richardsofii],    American  Nat- 

uralist, Vol.  IX,  1875,  pp.  430-436. 

172.  Synonymy,  Description,  History,  Distribution  and  Habits  of  the 

Prairie  Hare  [Lepus  campestris].  Bull.  Essex  Inst,  Vol. 
VII,  1875,  pp.  73-85. 

173.  Chips  from  the  Buffalo's  Worjcshop.     Forest  and  Stream,  April 

1, 1875. 

A  humorous  skit,  with  much  Interesting  Information. 

1877. 

174.  Precursory   Notes  on  American   Insectivorous   Mammals.     Bull. 

U.  S.  Geol.  and  Geogr.  Surv.  Terr..  Vol.  Ill,  1877,  pp.  631- 
663. 

442 


*u 


ELLIOTT  COUKS — ALLEN 

Microsorex  (ex  Baird.  MSS.),  Notiosorcx  (ex  Balrd, 
MSS.),  Soriciscus,  subgenn.  nov. ;  Sorex  pacificus  (ex 
Baird,  MSS.),  8.  sphagnicola,  8,  (Notiosorex)  craw- 
fordi  (ox  Baird  MSS.),  8.  (N.)  evotls,  Blarina  mexi- 
can  a  (Baird  MSS.)»  SPP-  nov. 

175.  Fur-bearing  Animals:   A  Monograph  of  North  American  Mus- 

telida*.    U.    S.    Geol.    and    Geogr.    Surv.    Terr.    (Hayden), 
Miscel.  Publ..  No.  8,  1877,  8vo,  pp.  i-xlv.  1-348.  pll.  i-xx. 

176.  Monographs  of  North  American  Rodentia.    By  Elliott  CJoues  and 

Joel  Asaph  Allen.  Rep.  U.  S.  Geol.  and  Geogr.  Surv.  Terr. 
(Hayden),  Vol.  XI.  1877,  pp.  i-xM,  i-x,  1-1091,  pll.  1-vii. 

Dr.  Coues's  portion  includes:  I,  Muridie,  pp.  1-x,  1-264, 
pll.  1-v;  VII,  Zapodidie,  pp.  455-480;  VIII,  Saccomyldae, 
pp.  481-542 ;  IX,  Haplodontida*,  pp.  543-600,  pi.  vi ;  X. 
Geomyida*,  pp.  601-630,  pi.  vil ;  also.  Appendix  C. 
Material  for  a  Bibliography  of  North  American  Mam- 
mals, by  Theodore  Gill  and  Elliott  Coues,  pp.  951- 
1091. 

Arvicola  (Pitymys)  quasiater  (p.  226),  sp.  nov. 
Tft  the  case  of  the  Haplodontidie,  in  addition  to  the  usual 
systematic  treatment,  the  skeletal  and  viseral  anat- 
omy of  the  single  species  then  knowTi  are  described  at 
length. 

1878. 

177.  Notes  on  the  Mammals  of  Fort  Slsseton,  Dakota.    By  C.  B.  Mc- 

Chesney,  M.  D.,  Acting  Assistant  Surgeon,  TT.  S.  A.  Anno- 
tated by  Dr.  Elliott  Coues,  U.  S.  A.  Bull.  U.  S.  Geol.  and 
Geogr.  Surv.  Terr.,  Vol.  IV,  No.  1,  February,  1878,  pp.  201- 

2ia 

178.  On  'Consolidation  of  the  Hoofs  In  the  Virginian  Deer.    Bull. 

IT.  S.  Gool.  and  Geogr.  Surv.  Terr.,  Vol.  IV,  1878,  pp.  293,  294. 

170.  On  a  Breed  of  Solid-hoofe<l  Pigs  apparently  established  in  Texas. 

Bull.  Geol.  and  Geogr.  Surv.  Terr.,  Vol.  IV,  1878,  pp.  205-297. 

1  text  fig. 

1879. 

180.  The  Outer  Ear  of  Blarina  hrevicauda.  Amer.  Journ.  Otology, 
Vol.  I,  July,  1879,  pp.  — ?   (also  as  a  repaged  separate  of 

2  pp.). 

180(1.  Notice  of  Mrs.  [M.  A.]  Maxwell's  Exhibit  of  Colorado  Mammals. 
In:  "On  the  Plains,  and  Among  the  Peaks;  or.  How  Mrs. 
Maxwell  made  her  Natural  History  Collo<'tion."  By  Mary 
Dartt.    Philadelphia,  1879.    Mammals,  pp.  217-22.'). 

An  annotated  list  of  the  mammals  (al)out  50  si)ecies) 
shown  In  the  Colorado  Exposition  Collection  at  the 
Centennial  Exposition  held  In  Philadelphia  In  1876, 
and  exhibited  Inter  In  Washington,  D.  C,  during  the 
winter  of  1876-7. 
(43)  443 
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HERPBTOLOGY. 

1871. 

181.  Notes  on  the  Natural  History  of  Fort  Macon,  N.  C,  and  Vicinity. 

No.  1.     Proc.  Acad.  Nat.  Sci.  Philadelphia,  pp.  12-49. 
Reptiles,  pp.  47-41) — an  annotated  list  of  11  species. 

187G. 

182.  Synopsis  of  the  Reptiles  and  Batrachians  of  Arizona ;  with  criti- 

cal and  field  notes,  and  an  extensive  sj'nonymy,  by  Dr.  Elliott 

Cones,   U.   S.   A.     Rep.   Expl.   and   Surv.   West  of  the  One 

Hundredth  Meridian,  Vol.  V,  1875.  pp.  585-633,  pll.  xvi-xxv. 

Volume  not  issued  till  1876.     A  note  by  the  author  on 

p.  588  bears  date  "November  15,  1875.' 


ti 


1878. 

183.  Notes  on  the  Ilerpetology  of  Dakota   and  Montana.     By  Drs. 

Elliott  Cones  and  H.  C.  Yarrow.    Bull.  U.  S.  Qeol.  and  Geogr. 
Surv.  Terr.,  Vol.  IV,  No.  1,  February,  1878,  pp.  259-291. 
Eutaniu  radix  twinijigi  (p.  279).  subsp.  nov. 

GENERAL  BIOLOGY. 

1889-1893. 

184.  The  Century  Dictionary,  an  Encyclopedic  Lexicon  of  the  English 

Language.  Prepared  under  the  superintendence  of  William 
Dwight  Whitney,  Ph.  D.,  LL.D.,  Pi-ofessor  of  Comparative 
Philology  and  SansliHt  in  Yale  University'.  8  vols.,*  fol.  New 
York:  The  Century  Company.     1S89-1893. 

"The  delinitioiis  of  that  part  of  general  biological  si-ience 
which  in  any  way  relates  to  aninml  life  or  structure,  includ- 
ing systematic  zoiilogy,  have  l)een  written  by  Dr.  Elliott 
Cones,  who  lias  been  assisted  in  iclithyology  and  cx>nchology 
l>y  I*r(>f.  Tlieodore  N.  Gill,  in  entomology'  by  Mr.  Leland  O. 
Howard  and  Mr.  IIerl>crt  L.  Smith,  and  in  human  anatomy 
l)y  Prof.  James  K.  Timelier.  Spe<'ial  aid  has  also  been  re- 
ceived from  other  naturalists,  particularly  from  Prof.  Charles 
V.  Riley.     *     *     * — Preface,  p.  xiii. 

Dr.  Cones  had  special  charge  ot  "General  Zo<)logy.  Biology, 
and  Comparative  Anatomy,"  to  which  subjects  he  contributed, 
it  has  been  stat(Hl.  some  40.000  definitions.  This  labor  occu- 
pied nearly  his  entire  time  for  seven  years — 1884-1801. 


♦Excluding  Vol.  IX,  Cycloi>edia  of  Names,  and  Vol.  X,  Atlas. 
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EDITOR  AND  ANNOTATOR  OF  JOURNALS  OF  EARLY  EXPLO- 
RATIONS WEST  OF  THE  MISSISSIPPI  RIVER. 

18d3. 

185.  Descriptions   of   the   Original   Manuscript   Journals   and   Field 

Notebooks  of  Lewis  and  Clark,  on  which  was  based  Riddle's 
History  of  the  Expedition  of  1804-G,  and  which  are  now  in 
the  possession  of  the  American  Philosophical  Society  In 
Philadelphia.  Proc.  Anier.  Philos.  Soc.,  Vol.  XXXI,  1893, 
pp.  17-33. 

186.  History  of  the  Expedition  under  the  command  of  Lewis  and 

Clark,  to  the  sources  of  the  Mississippi  River,  thence  across 
the  Rocky  Mountains  and  down  the  Columbia  River  to  the 
l»acific  Ocean,  performed  during  the  years  1804-5-6,  by  order, 
of  the  Government  of  the  United  States.  A  new  edition 
faithfully  reprinted  from  the  only  authorized  edition  of  1814, 
with  copious  critical  commentary,  prepared  upon  examina- 
tion of  unpublished  official  archives  and  many  other  sources 
of  information,  Including  a  diligent  study  of  the  original 
manuscript  Journals  and  Field  Notebooks  of  the  Explorers, 
together  with  a  new  Biographical  and  Bibliographical  Intro- 
duction, new  Maps,  and  other  Illustrations,  and  a  complete 
Index.  By  Elliott  Cones,  ♦  ♦  ♦  Member  of  the  National 
Academy  of  Sciences,  etc.  Four  volumes,  8vo.  New  York : 
Francis  P.  Harper,  1803.  Vol.  I,  pp.  i-cxxxii,  1-352,  frontis- 
piece (iwrtralt  of  Meriwether  Lewis)  ;  Vol.  II,  pp.  1-vl.  353- 
820,  frontispiece  (i)ortralt  of  William  Clark)  ;  Vol  III,  pp. 
1-vI,  821-1208;  Vol.  IV,  pp.  l-v,  1200-1304,  6  small  maps,  re- 
produced in  facsimile  from  the  Philadelphia  edition  of  1814, 
2  large  folding  maps  (in  pocket  of  cover),  and  2  genealogical 
tables  (folded  Inserts)  of  the  descendants  and  living  Issue 
of  William  Clark. 

1805. 

187.  The  Exi»edltlons  of  Zebulon  Montgomery  Pike,  to  the  Headwaters 

of  the  Mississippi  River,  through  Louisiana  Territory,  and 
New  Spain,  during  the  years  1805-6-7.  A  new  edition,  now- 
first  reprinted  In  full  from  the  original  of  1810,  with  copious 
critical  commentary,  new  memoir  of  Pike,  new  map  and  other 
Illustrations,  and  complete  Index,  by  Elliott  Cones.  ♦  ♦  ♦ 
Three  volumes,  8vo.  New  York:  Francis  P.  Harper,  1805. 
Vol.  I,  Memoir  of  the  Author — Mississippi  Voyage:  pp.  l-xvlll,* 
xlx-cxlv,  1-356,  frontispiece  (portrait  of  Pike)  ;  Vol.  II, 
Arkansaw  .Tourney — Mexican  Tour:  pp.  l-vl,  357-855;  Vol. 
Ill,  Index — Maps:  4  11.,  pp.  857-055,  7  maps  in  pocket. 
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1897. 

188.  New  Light  on  tbe  Early  History  of  the  Greater  Northwest    The 

Manuscript  Journals  of  Alexander  Henry,  Fur  Trader  of  the 
Northwest  Company,  and  of  David  Thompson,  Official  Geog- 
rapher and  Explorer  of  the  same  Company,  1799-1814.  Ex- 
ploration and  Adventure  among  the  Indians  on  the  Red, 
Saskatchewan,  Missouri,  and  Columbia  Rivers.  Edited  with 
copious  critical  conmientary  by  Elliott  Coues,  Editor  of 
"Lewis  and  Clark,"  of  "Pike,"  etc.,  etc.  Three  volumes,  8vo. 
New  York:  Francis  P.  Harper.  1807.  Vol.  I,  the  Red  River 
of  tlie  North,  pp.  i-xxviii,  1-440,  portrait  of  the  Editor ;  Vol. 
II.  The  Saskatchewan  and  Columbia  Rivers,  pp.  i-vi,  447-91G ; 
Vol.  III.  Index  and  Maps,  3  11.,  pp.  917-1027,  map  (in  3 
sections)  in  pocket. 

1898. 

189.  The  Journal  of  Major  Jacob  Fowler,  narrating  an  Adventure 

from  Arkansas  through  the  Indian  Territory,  Oklahoma, 
Kansas,  Colorado,  and  New  Mexico  to  the  sources  of  Rio 
Grande  del  Norte,  1821-22.  Edited,  with  notes,  by  Elliott 
Cones.  New  York :  Francis  P.  Harper.  1898.  8vo,  pp.  i-xxlv, 
1-183. 

190.  Forty  Years  a  Fur  Trader  on  the  Upper  Missouri.    The  Person.il 

Narrative  of  Charles  Larpenteur,  1833-1872.  Edited,  with 
many  critical  notes,  by  Elliott  Coues.  Maps,  views,  and 
portraits.  Two  volumes,  8vo.  New  York :  Francis  P.  Harper. 
1808.  Vol.  I,  pp.  i-xxvii,  1-230,  portraits  of  Charles  Larpen- 
teur and  Pierre  Garreau,  and  5  views;  Vol.  II,  pp.  l-ix,  237- 
472,  5  ix)rtraits,  5  maps,  and  view  of  old  Fort  Pembina. 

1900. 

191.  On  tlie  Trail  of  a  Spanish  Pioneer.    Tlie  Diary  and  Itinerary  of 

Francisco  GarcCs  (Missionary  Priest)  in  his  Journey  through 
Sonora,  Arizona,  and  California,  1775-70.  Translated  from 
an  official  (•ontemi)orancons  copy  of  the  original  Spanish 
Manuscript,  and  edited,  with  copious  critical  notes,  by  Elliott 
Coues,  Editor,  ♦  *  *  etc.  Eighteen  maps,  views,  and  fac- 
similes. Two  volumes.  8vo.  New  York:  Francis  P.  Harper. 
1900.  Vol.  I,  pp.  i-xxx,  1-312,  2  maps,  2  facsimiles,  and  4 
views;  Vol.  II,  pp.  i-vii,  313-008,  frontispiece,  8  views,  and 
1  map. 
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BIOGRAPHICAL  MEMOIR  OF  OGDEN  NICHOLAS  ROOD. 


OoDEN  Nicholas  Bood^  member  of  the  National  Academy  of 
Sciences  since  1865,  was  bom  at  Danbury,  Connecticut,  February 
3,  1831.  Professor  Eood  was  of  Scottish  descent,  the  family 
having  lived  near  Edinburgh.  They  came  to  this  country  at 
an  early  day  in  the  colonial  period  and  settled  at  Lanesboro, 
M^issachusetts.  A  few  years  before  the  Revolutionary  War,  one 
member  of  the  family,  Azariah  Bood,  purchased  a  tract  of  land 
in  the  town  of  Jericho,  Vermont.  His  was  the  third  family  to 
settle  in  that  neighborhood,  and  during  the  Revolution  his  house 
was  .the  most  northerly  inhabited  point  in  the  State  and  subject 
to  frequent  attacks  by  the  Indians.  On  this  account  the  family 
was  forced  to  abandon  the  property  and  to  return  to  Lanesboro 
until  after  the  close  of  the  war.  Professor  Eood's  father,  the 
Reverend  Anson  Rood,  was  a  grandson  of  Azariah  Rood  and  one 
of  a  family  of  eight  sons.  Anson  Rood  was  educated  by  his 
older  brother.  Dr.  Herman  Rood,  who  was  one  of  the  early 
biblical  scholars  of  this  country  and  who  was  for  many  years 
Professor  of  Hebrew  in  Dartmouth  College.  After  graduation 
from  that  institution  Anson  Rood  entered  the  ministry  of  the 
Congregational  Church  and  was  ordained  at  Danbury,  Connecti- 
cut, in  1829,  two  years  before  the  birth  of  his  son,  Ogden  Nich- 
olas Rood. 

On  his  mother's  side.  Professor  Rood  was  likewise  descended 
from  a  family  active  in  the  intellectual  and  practical  life  of 
colonial  times.  His  mother,  Alida  Oouveneur  #gden  Rood, 
was  a  direct  descendant  of  John  Ogden  (1610-88),  the  first  of 
his  name  in  America,  who  was  one  of  the  founders  of  Elizabeth, 
New  Jersey,  and  who  afterwards  settled  at  Hempstead,  Long 
Island,  and  in  1650  became  one  of  the  magistrates  of  the  colony 
of  Connecticut. 

Professor  Rood  was  graduated  at  Princeton  College  in  1852. 
During  the  two  following  years  he  was  successively  a  graduate 
student  at  Yale,  an  assistant  at  the  University  of  Virginia,  and 
an  assistant  to  Professor  Silliman.  His  preparation  for  work 
as  a  physicist  was  completed  by  four  years  of  study  in  Germany 
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(1854-58),  a  period  which  was  divided  between  scientific  study 
at  the  universities  of  Berlin  and  Munich  and  practici^  in  oil 
painting. 

The  year  1868  was  an  eventful  one.  In  it  he  married  Miss 
Prunner,  of  Munich,  returned  to  the  United  States,  and  entered 
upon  his  profession  as  a  teacher.  His  first  appointment,  as 
Professor  of  Chemistry  in  the  newly  organized  and  short-lived 
institution  known  as  the  University  of  Troy  (N'6w  York),  was 
well  calculated  to  bring  out  the  innate  qualities  of  the  man. 
Some  men  become  investigators  merely  under  the  stress  of  out- 
\i^ard  demand.  They  force  themselves  to  res^krch  from  sense  of 
duty,  from  motives  of  ambition,  for  recognition,  or  to  gain  place. 
Not  so  Rood,  who  was  increasingly  productive  under  the  most 
trying  circumstances  and  when  no  original  work  was  expected  of 
him.  His  motive  and  the  passion  for  research  which  filled  him 
is  finely  voiced  in  his  inaugural  address  at  Troy,  delivered  July 
20,  1859  :♦ 

*T^he  mere  desire  of  wealth,  though  it  may  influence  many  to 
touch  lightly  on  the  surface  of  these  studies  (the  physical  sci- 
ences), still  is  not  a  motive  of  sufficient  strength  to  enable  one 
to  toil  a  lifetime,  content  with  such  rewards  merely  as  are  foilnd 
in  the  pursuit  itself.  This  calls  for  a  more  powerful  and  nobler 
motive — and  it  is  found  in  the  intense  desire  to  solve  some  cf 
the  profound  mysteries  with  which  we  are  surrounded,  in  tlie 
longing  to  obtain  some  glimpses  into  the  inner  world,  into  the 
secret  laboratory  of  nature.  And  now  it  would  be  proper,  hav- 
ing indicated  these  lesser  advantages,  to  speak  of  the  nobler  end 
of  such  study,  of  its  beautiful  and  spiritual  purpose ;  to  speak  of 
natural  philosophy  as  a  revelation  from  *The  great  God,  who 
maketh  and  doeth  all  things  well.'  But  if  you  have  not  listened 
to  His  voice,  speaking  in  His  yellow  sunbeam;  in  His  banded' 
rainbows  and  purple  sunsets ;  in  the  violet  flash  of  His  lightning, 
and  in  the  war  of  His  tempests ;  or  in  His  white  crystalline  snow 
with  its  blue  shadows,  and  in  His  dark  rivers  congealed  into 
transparent  highways,  solid  as  the  rock ;  neither  would  you  medi- 
tate on  any  crude  thoughts  that  I  might  suggest.'* 

These  words  were  spoken  in  an  environment  as  foreign  to  such 
ideals  as  well  can  be  imagined,  for  the  Troy  University  of  that 
date — and  its  days  were  even  then  numbered — was,  to  quote  the 

•Columbia  University  Ciuarterly,  December,  1902.  Notice  of  Ogden 
N.  Rood,  by  J.  H.  Van  Amringe. 
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words  of  Dr.  Vincent,  of  the  Union  Theological  Seminary, 
spoken  at  Eood's  funeral,  "in  its  first  crude  stage,  lodged  in  a 
huge,  pretentious  and  uncomfortable  building  and  almost  devoid 
of  the  ordinary  appliances  of  a  common  school/^* 

In  the  same  tribute  to  his  friend  and  former  colleague  Dr. 
Vincent  gives  a  vivid  picture  of  the  surroundings  into  which  the 
young  physicist  had  been  injected  by  fate: 

^T[  shall  never  forget"  (he  says)  'Tiis  unconcealed  and  vigor- 
ously expressed  disgust  when,  fresh  from  the  plethoric  libraries 
and  well-appointed  laboratories  of  a  German  university,  he  found 
himself,  with  the  title  of  Professor  of  Chemistry,  in  a  so-called 
library,  where  four  or  five  hundred  volumes,  chiefly  of  classical 
authors,  were  displayed  on  a  dreary  expanse  of  shelving ;  in  an 
ill-lighted  lecture-room  with  a  few  bottles  of  chemicals,  and  with 
a  handful  of  students,  half  trained  in  country  academies,  and 
the  most  of  them  without  any  interest  whatever  in  what  he  was 
appointed  to  teach  them. 

^^ut  even  under  these  depressing  conditions  his  native  energy, 
versatility,  and  fertility  of  resource  displayed  themselves.  The 
apparatus  which  the  poverty-stricken  college  could  not  furnish 
him,  he  manufactured  with  his  own  hands,  enough  at  least  to 
meet  the  very  limited  requirements,  'i'o  those  students  who 
cared  nothing  for  chemistry  or  physics,  he  was  simply  and 
serenely  indifferent.  He  was  a  conscientious  teacher,  and  any 
one  who  desired  to  learn,  might  learn;  but  very  few  desired  to 
learn,  and  he  quietly  filled  his  class-register  with  zeros,  which 
marked  the  numerous  pitiable  displays  in  his  lecture-room.  But 
when  he  did,  now  and  then,  meet  with  a  student  who  showed  an 
interest  in  his  teaching,  there  were  no  lengths  to  which  he  would 
not  go  to  instruct,  encourage,  and  advance  him.  He  would  de- 
vote himself  to  him  in  hours  and  out  of  hours.  He  would  take 
him  to  his  private  room,  and  lecture  to  him,  and  experiment  with 
him,  and  lend  him  books,  and  all  this,  week  after  week,  as 
though  he  had  no  object  in  his  professional  life  beyond  the  pro- 
ficiency of  that  particular  subject. 

'^Separated  in  some  degree,  by  our  situation,  from  the  social 
life  of  the  city,  the  members  of  the  faculty  were  thrown  very 
much  upon  each  other,  and  our  relations  were  very  intimate. 
Naturally  inclined  to  solitude,  he  (Rood)  proved  himself,  never- 
theless, a  most  genial,  stimulating,  cheerful,  and  appreciative 
companion.  No  one  would  have  thought  of  setting  him  down 
as  a  recluse.     He  was  always  ready  to  exchange  a  jest,  and  to  see 

♦Dr.  Martin  E.  Vincent,  Columbia  University  Quarterly,  December, 
1892,  p.  57. 
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lad  of  sixteen  who  was  preparing  to  enter  the  School  of  Mines. 
He  kept  us  there  for  something  like  two  hours,  showing  the  boy 
all  kinds  of  wonders  in  the  laboratory,  especially  the  operation  of 
the  Rontgen  rays,  on  which  he  was  then  experimenting. 

"His  zeal  in  the  pursuit  of  physical  science  was  intense  and 
consuming,  and  never  slackened  while  he  lived.  The  more 
closely  Nature  guarded  a  secret,  the  more  obstinately  was  he 
bent  on  discovering  the  master-key.  He  was  impatient  of  every- 
thing superficial.  He  desired,  and  was  determined  to  know,  not 
only  facts,  but  laws;  not  only  laws,  but  ultimate  principles. 
Even  at  that  eariy  period  of  his  career  he  was  en  rapport  with 
various  notable  specialists  and  high  authorities  and  was  occa- 
sionally visited  by  them  at  Troy." 

Many  who  have  witnessed  or  taken  pari;  in  the  development  of 
scientific  investigation  in  America  will  recognize  this  description 
as  characteristic  not  merely  of  the  ill-fated  institution  where 
Rood  served  his  apprenticeship,  but  of  the  conditions  which  ex- 
isted in  neariy  all  American  colleges  of  the  period.  Such  scien- 
tific work  as  was  done  was  due  to  men  in  whom  the  unquenchable 
fire  burned  and  who  were  independent  of  environment.  Such  a 
man  was  Joseph  Henry,  much  of  whose  most  important  work 
was  done  years  before,  in  the  academy  of  the  neighboring  town 
of  Albany.  Such  in  later  years  was  Brace,  who  built  up  a  great 
center  for  physical  research  on  the  Nebraskan  frontier.  That 
Rood  was  such  a  spirit,  indomitable  and  irrepressible,  the  nota- 
ble series  of  papers  published  by  him  during  his  four  years  at 
Troy  bear  witness. 

PAPERS  OP  THE  TROY  EPOCH. 

To  this  period  belong  a  very  interesting  group  of  notes  and 
communications,  some  of  the  latter  in  the  form  of  letters  to 
Silliman  and  to  Wolcott  Gibbs,  which  appeared  in  the  American 
Journal  of  Science. 

The  first  of  these  papers,  dated  at  Troy,  on  Christmas  day, 
1858,  describes  a  study  of  the  polarization  of  light  by  passage 
through  glass  strained  by  sudden  cooling.  The  article,  although 
based  on  the  work  of  von  Kobell  and  of  Dove,  considerably  ex- 
tends and  supplements  their  observations,  and  it  contains  in  addi- 
tion a  new  and  ingenious  method  for  the  detection  of  circular 
polarization. 
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It  was  during  this  period  that  Eood  made  his  first  excursions 
into  the  realm  of  physiological  optics — a  domain  in  which  he  was 
later  to  travel  far  and  make  notable  conquests.  In  1860  he  in- 
vestigated the  after-images  produced  by  observing  a  bright  sky 
through  open  sectors  in  a  revolving  disk,  demonstrated  their  sub- 
jective character  in  contravention  of  the  views  of  J.  Smith,  and 
showed  the  relation  of  the  phenomenon  to  those  previously  ob- 
served by  Fechner. 

His  explanation,  which  was  based  upon  persistence  of  vision, 
is  noteworthy :  "The  occurrence  and  sequence  of  these  subjective 
colors,"  he  says,  "may  easily  be  explained  by  supposing  that  dur- 
ing the  interval  of  rest  or  shadow  the  action  of  the  yellow  rays 
diminishes  more  rapidly  than  that  of  the  red,  the  red  more 
rapidly  again  than  that  of  the  blue."  In  his  Modem  Chro- 
matics* Eood  subsequently  outlined  a  method  for  testing  this 
supposition,  although  he  does  not  appear  to  have  performed  the 
experiment.  When,  however,  persistence  of  vision  as  a  function 
of  the  wave  length  of  the  exciting  light  was  first  definitely  deter- 
mined, in  1884, t  the  facts  were  found  to  agree  with  the  assump- 
tion quoted  above. 

Rood's  experience  as  an  art  student  in  Munich  brought  the 
problems  of  vision  and  color  very  near  to  him  from  the  first,  and 
lie  was  always  considering  the  numerous  themes  that  lie  in  tlie 
middle  ground  between  physics  and  painting.  In  1861  he  pub- 
lished a  note  on  the  relation  between  our  perception  of  distance 
and  color,  in  which  he  ascribed  the  increased  vividness  of  color- 
ing apparent  upon  viewing  a  landscape  with  the  head  lying 
under  the  arm  to  the  fact  that  one's  sense  of  distance  is  lost  and 
one  looks  as  at  a  picture.  This  view  he  verified  by  observations 
through  total  reflecting  prisms  and  in  other  ways.  In  the  same 
year  he  made  some  experiments  connected  with  Dove's  theory  of 
luster,  in  which  he  brought  into  combination  in  the  stereoscopic 
field  a  variety  of  surfaces,  such  as  tin-foil  and  yellow  paper, 
which  gave  the  effect  of  gold  leaf;  of  tin-foil  and  orange-colored 
paper,  which  when  blended  appeared  like  copper;  of  tin-foil 
('oiiil)ined  with  paper  tinted  with  ultramarine,  in  which  the  com- 


*  >rodern  Chromatics,  p.  20(5. 

tXicholj*,  Am.  Journal  Science  (S),  XXVIII,  p.  243. 
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posite  image  had  the  appearance  of  graphite.  He  found  that  a 
photograph  of  a  surface  of  tin-foil,  which  gave  a  suggestion  of 
metallic  structure,  served  almost  as  well  as  the  foil  itself, 
although  gray  paper  would  not  produce  the  effect.  He  also 
described  experiments  for  the  production  of  luster  in  which  only 
one  eye  was  used. 

His  paper  on  the  practical  application  of  photography  to  the 
microscope,  which  likewise  appeared  in  1861,  was  one  of  the 
earliest  contributions  to  this  subject.  In  it  he  described  a  sim- 
ple but  practical  form  of  micro-camera  with  details  of  the  still 
new  art  of  wet-plate  photography,  printing,  and  the  like.  He 
also  gave  a  method  of  making  stereomicrographs  and  of  photo- 
graphing living  organisms.  The  disagreement  of  opinion  among 
microscopists  as  to  the  true  character  of  the  markings  of  Pleuro- 
sigma  angulatum  also  attracted  his  attention,  and  by  means  of 
a  magnifying  power  of  a  thousand  diameters  he  succeeded  in 
establishing  the  circular  character  of  the  lines  of  this  infusorial 
shell  as  against  the  hexagonal.  In  order  to  determine  more 
definitely  than  was  possible  by  direct  observation  the  character 
of  microscopic  forms,  he  applied  the  method  of  reflection  com- 
mercially used  in  testing  optical  surfaces,  and  was  thus  able  to 
settle  certain  points  still  in  controversy. 

During  the  year  1862  Rood  was  employed  in  the  construction 
of  a  spectrometer  with  four  large  prisms — one  of  flint  glass  and 
three  containing  carbon  bisulphide.  With  this  instrument  he 
obtained  a  spectrum  10  feet  long  and  of  excellent  definition. 
In  a  letter  to  Wolcott  Gibbs  he  described  observations  on  the 
absorption  spectrum  of  a  solution  of  didymium  nitrate,  with 
which  substance  Gladstone  had  recently  been  experimenting. 
By  the  use  of  a  strong  solution  and  a  cell  twelve  inches  in  thick- 
ness, Eood  was  able  to  find  twelve  bands  instead  of  the  two 
already  observed.  He  also  wrote  an  account  of  Dove's  photom- 
eter, with  some  original  suggestions  as  to  the  method  of  con- 
struction. His  most  important  contribution  during  this  year, 
however,  was  the  very  interesting  paper  on  the  study  of  electric 
sparks  by  aid  of  photography,  in  which  "end  on'^  views  of  the 
sparks  were  obtained  by  allowing  the  discharge  to  pass  through 
the  photographic  film  and  then  developing  and  enlarging  the 
negative. 
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ment  of  various  conditions,  and  it  is  the  clear  insight  into  these 
and  the  very  simple  and  sufficient  means  by  which  they  are  met 
that  show  the  power  and  skill  of  Rood  as  a  physicist  and  give  the 
paper  its  value. 

There  followed  in  the  same  year  an  admirable  experimental 
verification  of  Presnel's  explanation  of  the  successive  changes  of 
color  in  the  image  of  a  source  of  white  light  when  reflected  at 
grazing  incidence  from  a  matte  surface.  Assuming  with  Fres- 
nel  that  the  color  changes  are  due  to  interference,  the  angle  at 
which  the  reflected  image,  after  turning  from  white  to  red  with 
decreasing  incidence,  disappears  must  depend  upon  the  size  of 
the  particles  of  which  the  surface  is  made  up.  Rood  measured 
this  angle  of  disappearance  in  the  case  of  various  surfaces 
smoked  with  lampblack  and  a  surface  coated  with  magnesium 
oxide.  He  thqn  compared  the  computed  size  of  the  reflecting 
particles  with  the  size  determined  by  measurement  under  the 
microscope  and  found  the  theory  completely  confirmed. 

In  the  following  year  (August,  1867)  appeared  the  first  of 
Rood's  papers  read  before  the  National  Academy  of  Sciences. 
It  formed  the  first  part  of  his  well-known  memoir  on  the  nature 
and  duration  of  the  discharge  of  a  Ley  den  jar  connected  with  an 
induction  coil,  Wheatstone's  classical  attempt  to  determine  the 
duration  of  such  discharges  by  means  of  a  revolving  mirror  had 
been  published  more  than  thirty  years  before  (1835),  and  Pcd- 
derson's,  now  equally  classical  and  much  more  important  in- 
vestigations, which  led  to  the  discovery  of  the  oscillatory  dis- 
charge, had  been  described  in  1858.  Rood  cleared  up  the  dis- 
crepancy between  the  negative  result  of  Wheatstone,  who 
concluded  that  the  duration  of  the  spark  was  less  than  a  millionth 
of  a  second,  and  Fedderson's  greatly  elongated  and  complex 
images  of  sparks  as  viewed  with  the  revolving  mirror,  which 
showed  durations  of  from  .00004  to  .00007  of  a  second.  At  the 
same  time  he  extended  the  research,  with  many  ingenious  modi- 
fications of  method,  to  the  case  of  jars  actuated  by  means  of  a 
coil,  upon  which  phase  of  the  subject  nothing  had  been  done. 

The  failure  of  Wheatstone  to  obtain  the  phenomena  later  de- 
scribed bv  Fcdderson  was  shown  to  be  due  to  his  method,  which 
really  yielded  measurements  only  of  what  we  now  call  the  pilot 
spark.     This  portion  of  the  discharge,  which  Rood  terms  the 
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first  explosive  act,  he  studied  with  great  refinement  of  method 
and  he  showed  its  duration  to  be  certainly  less  than  four-ten- 
millionths  of  a  second. 

This  topic  was  to  receive  much  further  attention  during  the 
coming  years,  but  in  the  meantime  we  find  Hood  busying  himself 
with  refinements  and  modifications  of  the  Bunsen  photometer. 
The  results  of  these  experiments  form  the  subject  of  his  next 
two  papers. 

In  the  summer  of  1870  he  availed  himself  of  the  opportunity 
offered  by  a  violent  thunder-storm  to  make  an  impromptu  study 
of  the  duration  of  lightning.  The  hastily  improvided  apparatus 
consisted  of  a  paper  disk  revolved  by  hand  upon  a  hatpin  as  an 
axle.  The  speed  of  revolution  was  estimated  at  twelve  turns  per 
second,  and  the  duration  of  some  of  the  flashes  was  found  to  l)e 
about  1/500  of  a  second.  A  description  of  this^  experiment  was 
communicated  to  the  American  Journal  of  Science  in  the  form 
of  a  letter  to  Dr.  Wolcott  Qibbs. 

Not  contented  with  the  experimental  demonstration  given  in 
his  first  paper  on  the  Leyden  jar,  that  the  duration  of  the  pilot 
spark  was  less  than  four-ten-mi  Hi  onths  of  a  second,  Rood  con- 
tinued his  attack  upon  the  problem,  and  in  June,  1871,  he  pub- 
lislied  measurements  reacliing  down  to  the  incredibly  small  in- 
terval of  .000000040  seconds  (forty-billionths  of  a  second).  The 
way  in  which  this  extraordinary  sensitiveness  of  method  was 
achieved  can  best  be  conveyed  by  a  few  quotations  from  the  sec- 
ond paper : 

"Tf  two  black  lines  of  a  certain  breadth,  inclosing  between 
them  a  white  line  of  equal  breadth,  be  illuminated  by  the  spark, 
and  their  imaj2:os  formed  on  the  observing  plate  by  the  lens  and 
mirror,  the  three  lines  will  evidently  be  seen  unaltered  in  ap- 
pearance, provided,  1st,  that  the  mirror  is  stationary  or  revolving 
at  a  sufficiently  slow  rate;  or,  2d,  the  same  effect  will  be  pro- 
duced with  a  rapidly  revolving  mirror  and  a  truly  instantaneous 
spark.  If,  however,  the  illumination  of  the  spark  last  sufficiently 
lon^r  so  that  *  *  *  superposition  has  been  attained,  then, 
owint?  to  the  retention  of  impressions  on  the  retina,  the  distinc- 
tion between  the  black  and  white  lines  will  be  obliterated  and  a 
tint  of  gray  produced.  *  *  *  Instead  of  using  only  two 
lines,  the  same  result  can  far  more  easily  be  attained  by  ruling 
papor  witli  a  large  number  of  fine  black  lines  equidistant  and 
inclosing  white  spaces  of  their  own  breadth,  as  then  the  chances 
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for  observation  are  greatly  multiplied.  ♦  ♦  *  With  the 
niirror  revolving  340  times  a  second,  using  platinum  points  and 
a  striking  distMice  of  two  millimeters,  the  lines  were  still  seen 
with  an  eyepiece,  as  bright  and  clear  as  though  the  mirror  had 
been  stationary,  implying,  as  the  apparatus  was  then  arranged,  a 
duration  for  the  first  act  of  less  than  three-ten-millionths  of  a 
second,  which  interval  would  have  been  required  for  destructive 
superposition.  Nothing  more  could  be  done  with  paper,  and 
accordingly  I  covered  a  glass  glate  with  lampblack  by  smoking 
and  poured  upon  it  a  few  drops  of  alcohol,  which,  acting  like  a 
slight  cement,  enabled  me  to  rule  lines  upon  it  with  a  dividing 
engine.  After  many  trials  and  microscopic  examinations  a  plate 
was  produced  with  lines,  black  and  white,  of  equal  breadth,  and 
the  spark  being  discharged  behind  them,  they  were  brightly 
illuminated.  Their  image  was  thrown  upon  the  observing  plate, 
and  by  using  a  sufficient  magnifying  power  and  counting,  it  was 
ascertained  that  the  breadth  of  the  image  of  a  single  line,  black 
or  white,  was  1/12  of  a  millimeter.  Hence  the  time  required  for 
their  obliteration  with  a  velocity  of  340  per  second  was  ninety- 
four-billion  ths  of  a  second  (.000000094) ;  still  on  experimenting 
it  was  evident  that  the  duration  of  the  discharge  was  less  than 
this  quantity,  as  the  lines  were  always  plainly  to  be  seen. 

'TBefore  finally  abandoning  the  attempt  to  determine  the 
actual  duration  of  the  discharge,  another  effort  was  made ;  a  sec- 
ond lampblack  plate  was  prepared,  in  which  the  breadth  of  the 
image  of  a  line  was  1/24  of  a  millimeter.  *  ♦  ♦  Platinum 
wires  1/86  of  an  inch  in  diameter  were  used  with  a  striking  dis- 
tance of  five  millimeters;  *  *  *  it  was  proved  successively 
that  the  duration  was  less  than  eighty,  sixty-eight,  fifty-nine, 
fifty-five-billionths  of  a  second ;  and  finally  the  lines,  after  grow- 
ing fainter  and  fainter,  entirely  disappeared,  giving  as  the  result 
a  duration  of  forty-eight-billionths  of  a  second.*^ 

« 

When  the  striking  distance  was  reduced  to  one  millimeter,  the 

duration  was  found  to  be  slightly  greater  than  forty-one- 
billionths,  at  three  millimeters  it  was  between  forty-one  and 
forty-eight-billionths,  and  at  ten  millimeters*  spark  length  it 
was  between  forty-eight  and  fifty-five-billionths  of  a  second. 

In  connection  with  these  investigations  Rood  published  a  brief 
note  in  which  he  called  attention  to  the  fact  that  these  exceed- 
ingly minute  durations  of  illumination  by  means  of  the  electric 
spark  not  only  sufficed  for  the  mere  production  of  the  sensation 
of  light,  but  likewise  for  the  detection  of  somewhat  intricate 
detail  in  the  objects  illuminated. 
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He  also  applied  his  method  to  further  studies  of  the  character 
of  lightning  and  elaborated  a  very  ingenious  and  precise  method 
for  the  determination  of  the  duration  of  oscillatory  discharges. 
The  apparatus  which  he  devised  for  this  purpose  was  of  admira- 
ble simplicity.  It  consisted  of  a  black  disk  with  one  narrow 
radial  sector  of  white  color.  Mounted  upon  the 'same  axle  and 
traveling  with  it  was  a  smaller  disk,  with  a  similar  white  sector, 
the  position  of  which  could  be  shifted  about  the  shaft  so  as  to 
give  any  desired  angular  displacement  of  the  two  sectors. 

When  at  rest  this  combination  appeared  as  a  circular  surface 
with  a  radial  white  line  near  the  periphery  and  nearer  the  center 
a  second  radial  white  line  with  an  angular  displacement  depend- 
ing on  the  adjustment  of  the  smaller  disk.  When  in  rapid  revo- 
lution and  illuminated  by  an  oscillatory  spark,  two  series  of 
equally  spaced  white  lines  were  seen,  diminishing  in  intensity 
according  to  the  factor  of  damping  of  the  electric  circuit.  At  a 
certain  speed  the  tail  of  one  of  these  groups  would  coincide 
radially  with  the  head  of  the  other  and  the  velocity  of  the  disk 
would  then  afford  a  measure  of  the  duration  of  the  train  of 
oscillations. 

With  this  device  Rood  greatly  extended  his  studies  of  the 
oscillatory  discharge.  They  brought  him  indeed  to  the  very 
threshold  of  a  great  domain,  but  it  was  not  yet  thrown  open  for 
exploration.  MaxwelFs  great  work  had  not  yet  been  published 
and  the  significance  of  certain  fundamental  equations  in  Helm- 
holtz's  earlier  papers  was  not  yet  revealed.  The  needed  theoreti- 
cal foundation  for  the  developments  which  were  later  to  be  made 
in  this  field  had  not  yet  been  laid. 

After  the  completion  of  these  investigations,  which  chiefly 
occupied  the  period  from  1869  to  1873,  various  minor  papers 
appeared,  including  among  others  the  following  titles:  On  sec- 
ondary spectra  (1873) ;  On  a  convenient  eyepiece  micrometer 
(1873) ;  On  an  optical  method  of  studying  the  vibrations  of  solid 
bodies,  and  On  a  property  of  the  retina  first  noticed  by  Mr.  Tait 
(1877). 

A  paper  on  the  horizontal  pendulum,  which  was  printed  in 
1875,  is  especially  notable.  It  illustrates  the  never-failing  re- 
sponse of  Rood's  mind  to  the  novel  and  ingenious  in  physics,  his 

« 
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admiration  for  a  device  or  method  of  Burpassing  delicacy,  and 
his  passion  for  trying  out  such  things  when  once  suggested. 

In  this  case  the  extraordinary  results  obtained  by  Zollner  with 
the  horizontal  pendulum  stimulated  him  to  the  construction  of 
an  instrument  based  upon  the  same  principle,  but  of  his  own 
design.  The  purpose  seems  to  have  been  to  see  what  degree  of 
delicacy  could  be  attained  rather  than  the  carrying  out  of  any 
definite  research.  The  result  was  an  apparatus  that  surpassed 
even  the  more  modem  interferometer  as  a  means  of  detecting 
minute  differences  of  length.  The  probable  error  of  single  read- 
ings of  the  adjusting  screw  corresponded  in  some  cases  to 
1/24,950,000  of  an  inch,  or  little  more  than  1/1,000,000  of  a 
millimeter ! 

At  this  period  Rood's  scientific  activity  was,  however,  chiefiy 
directed  to  physiological  optics  and  the  theories  of  color,  and  he 
busied  himself  with  the  studies  which  were  soon  to  find  masterly 
expression  in  the  volume  entitled  Modern  Chromatics,  His  arti- 
cle on  the  constants  of  color,  which  appeared  in  the  Popular 
Science  Monthly  in  1876  and  was  reprinted  in  the  Quarterly 
Journal  of  Science,  has  the  same  admirable  simplicity  of  form 
and  happy  lucidity  which  characterizes  his  now  classical  volume 
on  color.  In  this  paper,  after  describing  the  three  constants, 
purity,  luminosity,  and  hue,  and  methods  of  determining  each, 
he  points  out  the  enormous  number  (400,000,000)  of  variations 
distinguishable  by  the  eye  which  may  be  obtained  by  changing, 
by  barely  sensible  gradations,  the  saturation  and  brightness  of  all 
possible  combinations  of  the  hues  of  the  spectrum.  The  sub- 
stance of  this  paper  was  reproduced  with  little  modification  in 
Modem  ChtomMics,  of  which  it  forms  the  third  chapter. 

Modem  Chromatics  formed  the  culmination  of  Bood's  many 
contributions  to  the  physics  of  color,  although  he  continued  to 
the  end  of  his  life  to  practice  painting,  of  which  art  he  was  a 
notable  amateur.  One  problem,  however,  in  this  domain,  that 
of  the  photometry  of  lights  differing  in  color,  he  continued  to 
ponder  and  investigate,  and  it  was  in  this  connection  that,  many 
years  later,  he  made  his  greatest  discovery. 

The  year  of  the  issuing  of  Modem  Chromatics  (1879)  was 
further  notable  for  the  publication  of  an  ingenious  and  sug- 
gestive paper  entitled  A  method  of  studying  the  reflection  of 
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sound  waves.  This  is  one  of  the  least  known  but  at  the  same 
time  most  original  and^  in  view  of  the  possibilities  which  it 
affords  for  a  quantitative  investigation  of  the  reflecting  power  of 
different  surfaces,  one  of  the  most  important  of  Hood's  contribu- 
tions to  science. 

The  starting  point  of  this  research  was  the  study  of  the  famil- 
iar device  of  producing  a  tremulo  effect  in  reed  organs  by  means 
of  a  revolving  paddle  wheel  or  fan.  The  accepted  explanation 
of  the  action  of  the  attachment  was  erroneous,  and  Rood  verified 
his  surmise  that  it  was  really  due  to  reflection  of  the  sound  waves 
from  the  surfaces  of  the  revolving  blades.  He  found  not  only 
that  he  could  reproduce  the  tremulo  by  placing  a  revolving  disk 
with  open  sectors  behind  a  reed  or  other  sounding  instrument, 
but  that  the  reflection,  which  was  selective,  could  be  obtained 
with  a  disk  having  alternating  sectors  of  different  materials.  He 
was  thus  able  to  compare  the  reflecting  powers  of  different 
surfaces. 

MODERN  CHROMATICS. 

Eood's  delightful  volume,  which  appeared  in  1879  under  the 
title  Modern  Chromatics,  is  a  masterpiece.  Its  lucidity  and 
simphcity  of  treatment  place  it  in  the  same  rank  with  TyndalFs 
classical  books  on  Sound  and  on  Light.  Like  these,  it  is  good 
literature  as  well  as  good  science,  and  contains  sound  physics 
shorn  of  all  unnecessary  technicalities,  and  stated  in  terms  easily 
comprehensible  by  any  intelligent  reader. 

"It  has  been  my  endeavor  also"  (says  the  author  in  his 
preface)  "to  present  in  a  simple  and  comprehensive  manner  the 
imderlying  facts  upon  which  the  artistic  use  of  color  necessarily 
depends.  The  possession  of  these  facts  will  not  enable  people  to 
become  artists;  but  it  may  to  some  extent  prevent  ordinary  per- 
sons, critics  and  even  painters,  from  talking  and  writing  about 
color  in  a  loose,  inaccurate,  and  not  always  rational  manner. 
More  than  this  is  true;  a  real  knowledge  of  elementary  facts 
often  serves  to  warn  students  of  the  presence  of  difficulties  that 
are  almost  insurmountable,  or,  when  they  are  already  in  trouble, 
points  out  to  them  its  probable  nature ;  in  short,  a  certain  amount 
of  rudimentary  information  tends  to  save  useless  labor.*^ 

The  book  is  full  of  telling  illustrations  gathered  by  a  close 
observer  of  mountains,  clouds,  and  sky,  of  foreground  and  difl* 
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tance^  and  of  light  and  shade.  The  point  of  view  is  as  often 
that  of  the  painter  as  it  is  that  of  the  physicist.  This  rare  com- 
bination gives  it  a  unique  interest  alike  to  the  artist  and  the 
student  of  science.  Speaking  of  the  mixture  of  colors  by  the 
blending  which  occurs  when  small  objects  differing  in  tint  are 
mingled  at  too  great  a  distance  for  the  discrimination  of  details, 
for  example,  the  following  passage,  occurs : 

^Thus  the  cplors  of  the  scant  herbage  on  a  hillside  often 
mingle  themselves  in  this  way  with  brown  lines  of  the  dried 
leaves;  the  reddish  or  purplish  brown  of  the  stems  of  small 
bushes  imites  at  a  little  distance  with  their  shaded  green  foliage ; 
and  in  numberless  other  instances,  such  as  the  upper  and  lower 
portions  of  mosses,  sunlit  and  shaded  grass-stalks,  and  the  varie- 
gated patches  of  color  on  rocks  and  trunks  of  trees,  the  same 
principle  can  be  traced.'' 

There  are  many  such  bits  which  serve  a  double  purpose.  They 
give  the  physics  of  effects  familiar  to  the  colorist  of  .which  he 
usually  lacks  the  explanation  and  reveal  effects  unnoticed  by  the 
non-observant  layman  to  whom  the  physics  may  be  well  known. 

The  point  of  view  of  the  painter  appears  indeed  in  the  most 
unlooked-for  places,  as  in  the  chapter  on  the  production  of  color 
by  interference,  where  the  color  combinations  seen  in  the  obser- 
vation of  certain  crystals  are  described.  "They  often  astonish," 
we  are  told,  "and  dazzle  by  their  audacity  and  total  disregard  of 
all  known  laws  of  chromatic  composition.  ♦  *  *  •  They  are 
laid  on  with  such  an  unfaltering  hand  that  all  these  wild  freaks 
are  performed  comparatively  with  impunity?' 

The  appeal  of  the  author  to  readers  of  artistic  training  was 
such  that  Modem  Chromatics  was  widely  read  by  the  painters  of 
the  time,  both  at  home  and  abroad.  This  was  the  more  remark- 
able, since  it  has  always  been  difBcult  to  persuade  those  who  use 
color  as  a  medium  of  expression  to  master  the  real  physics  of 
their  subject. 

The  invasion  of  the  impressionists  occurred  a  few  years  later, 
and  members  of  that  school  on  both  sides  of  the  water  assumed 
to  find  in  Rood's  treatise  the  philosophical  basis  of  their  method. 
In  one  sense  they  were  right,  for  naturally  any  effects  whatever 
that  can  be  produced  by  the  use  of  color  must  have  a  physical 
foundation.    What  Rood,  however,  to  whom  much  of  the  work 
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of  this  school  was  abhorrent,  thought  of  being  hailed  as  the 
father  of  impressionism  is  told  by  his  son,  Mr.  Roland  Rood,* 
in  an  article  in  The  Scrip.  After  pointing  out  the  relations  of 
the  work  of  Constable  and  Turner  to  that  of  the  impressionists, 
he  adds : 

^ While  acknowledging,  however,  their  descent  from  the  artists 
across  the  Channel,  the  impresBionists  count  it  their  chief  glory 
to  have  founded  themselves  upon  science.  They  assert  that  they 
are  the  only  painters  who  approach  nature  without  a  precon- 
ceived idea;  that  all  they  carry  to  it  are  the  formulae  of  Helm- 
holtz,  Chevreul,  and  Rood;  and  that  of  these  it  is  Professor 
Rood,  who  in  his  work  on  color  (including  with  his  own  re- 
searches those  of  Chevreul  and  Helmholtz)  has  done  most  for 
them.  They  refer  to  his  work  as  *The  Impressionist^s  Bible,' 
and,  as  Mr.  Van  Ingen  says  in  his  lecture  reported  in  The  Scrip 
for  February,  they  ^carry  it  under  their  arm.'  The  explanations 
of  the  oversensitivity  of  certain  nerves  of  the  eye  to  strong 
light,  causing  it  to  appear  yellow ;  the  dullness  of  certain  nerves 
to  weak  light,  making  it  bluish  or  purplish  in  tone;  the  prin- 
ciples of  successive  contrast,  and  more  particularly  of  simul- 
taneous contrast;  the  chapters  on  color  constants,  on  the  dura- 
tion of  the  impression  on  the  retina,  on  color  mixture,  on  com- 
plementary colors,  etc.,  etc.,  have  been  seized  upon  by  these 
Frenchmen  as  the  true  explanations  of  many  of  the  phenomena 
which  for  centuries  have  been  puzzling  painters.  They  look  at 
the  book  as  an  endorsement  of  the  new  art  and  a  blow  at  the  old. 

"That  Professor  Rood  in  his  Modern  Chromatics  endorses  im- 
pressionism is  an  assertion  frequently  enough  made;  but  what 
he  himself  thought  about  the  matter  is  not  so  generally  known. 
I  once  had  the  opportunity  of  finding  out.  I  had  been  abroad 
studying  painting  in  the  Paris  art  schools,  and  had  also  tasted 
impressionism  in  Givemy;  my  head  was  filled  with  violent 
violets  and  chrome  yellows,  and  the  forms  of  solid  bodies  seemed 
a  la  Giverny,  as  illusory  as  dreams.  In  this  state  of  mind,  with 
his  book  *  under  my  arm,'  I  went  to  call  on  my  father  to  tell  him 
that  all  the  excellence  of  my  pictures  was  due  to  his  recipes.  My 
enthusiasm  was  instantly  cooled,  however,  when  I  saw  him.  He 
seemed  ill  and  mentally  much  depressed. 
^Are  you  ill?'  I  asked. 

'No,'  he  replied ;  *I  am  very  well,  but  I  have  just  been  to  see 
an  exhil)ition  of  paintings  at  the  galleries  of  Durand  Ruel/  and 
he  groaned. 

"  'What  are  they  ?' 


*  Professor  Roo^Ts  Theories  of  Color  and  Iniprcssionism,  by  Roland 
Rood,  in  The  ."Scrip,  Vol.  I,  p.  215,  April,  1906. 
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^*  They  are  by  a  lot  of  Frenchmen  who  call  themselves  "im- 
pressionists;"  some  are  by  a  fellow  called  Monet,  others  by  a 
fellow  called  Pissarro,  and  a  lot  of  others/ 

"  'What  do  you  think  of  them  ?'  I  ventured. 

"  'Awful !    Awful !'  he  gasped. 

'Then  I  told  him  what  these  painters  said  of  his  theories. 
This  was  too  much  for  his  composure.  He  threw  up  his  hands 
in  horror  and  indignation,  and  cried : 

"  'If  that  is  all  I  have  done  for  art,  I  wish  I  had  never  written 
that  book !' 

"Some  years  later  I  had  the  opportunity  thoroughly  to  discuss 
the  question  with  him.  It  was  in  the  country,  and  together  we 
tried  many  experiments  in  landscape  painting,  always  referring 
to  his  book  for  the  rules.  At  times  he  seemed  doubtful  if  in 
fact  he  had  not  endorsed  impressionism;  he  seemed  to  feel  that 
possibly  while  searching  for  truth  in  one  direction  he  had  also 
uncovered  it  elsewhere.  Turner  he  understood  and  considered 
logical.  The  conclusion,  however,  to  which  he  finally  came  is 
summed  up  in  the  last  statement  he  made  to  me  regarding  the 
matter : 

"  'My  son,  I  always  knew  that  a  painter  could  see  anything  he 
wanted  to  in  nature,  but  I  never  before  knew  that  he  could  see 
anything  he  chose  in  a  book.'  '^ 

LATER  PAPERS. 

Three  chief  topics  occupied  Rood  in  the  period  between  the 
publication  of  Modern  Chromatics  (1879)  and  his  death,  in 
1002.  These,  taken  in  the  order  in  which  his  papers  dealing 
with  them  appeared,  were:  The  production  and  measurement  of 
very  high  vacua  (1880-81)  ;  The  photometry  of  lights  differing 
from  each  other  so  greatly  in  color  as  to  be  incapable  of  comparir 
son  by  the  ordinary  methods  (1893-99)  ;  and  The  measurement 
of  the  exceeding  high  electrical  resistances  of  various  dielectrics, 
such  as  glass,  ebonite^  quartz,  and  amber  (1900-02). 

In  the  meantime  the  problems  of  color  measurement  continued 
to  receive  attention  and  in  1892  he  published  an  important 
paper  under  the  title  On  a  color  system.  In  this  work,  which 
involved  the  preparation  of  hundreds  of  carefully  graded  paper 
disks,  the  coeflficients  of  reflection  and  brightness  of  which  were 
determined,  he  started  with  a  pair  of  disks  of  complementary 
colors,  and  by  comparing  these  with  other  disks  differing  from 
them  slightly  in  tint  was  able  to  build  up  a  complete  system  of 
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numerically  connected  hues  until  step  by  step  the  whole  range 
of  colors  was  included.  In  the  following  year  he  made  a  valua- 
ble contribution  to  the  vexed  question  of  the  nature  of  the 
X-rays,  in  which  he  based  his  conclusion,  that  they  consist  of 
ether  vibrations  of  short  wave-length,  upon  a  series  of  experi- 
ments on  the  reflection  of  such  waves  from  a  surface  of  platinum. 

The  study  of  high  vacua  was  undoubtedly  suggested  by  the 
work  of  Crookes,  whose  ingenious  demonstrations  of  the  varied 
phenomena  of  the  electric  discharge  of  rarefied  gases'  and  whose 
speculations  as  to  their  nature  were  attracting  universal  atten- 
tion. In  1876  Eood  published  a  paper  describing  experiments 
upon  the  Crookes  radiometer  which  confirmed,  to  his  own  satis- 
faction at  least,  Stoney's  theory  of  the  action  of  that  instrument. 

Three  years  later  Crookes,  with  a  wealth  of  ingenious  and 
brilliant  experiments  on  radiant  matter,  revived  and  greatly  ex- 
tended the  almost  forgotten  work  of  Hittorf.  The  phenomena 
offered  a  most  attractive  and  promising  field  for  further  research, 
and  indeed,  as  we  now  know,  were  the  starting  point  for  the  most 
striking  and  important  developments  in  the  history*  of  modem 
physics.  It  is  noteworthy  and  characteristic  that  Hood  selected 
as  a  subject  for  study,  instead  of  the  phenomena  of  the  electric 
discharge,  the  question  of  the  highest  possible  vacuum,  and  that 
by  simple  but  effective  modifications  of  the  Sprengel  pump  he 
was  able  to  carry  the  rarefaction  of  tubes  to  an  imattained  point. 

Where  Crookes  had  produced  and  measured  vacua  of  1/17,- 
000,000  of  an  atmosphere.  Rood  reached  1/390,000,000,  and  did 
not  consider  even  then  that  he  had  reached  the  utmost  limit  of 
experimental  possibilities. 

Subsequent  investigations,  it  is  true,  led  physicists  to  doubt 
the  reliability  of  the  indications  of  the  McLeod  gauge,  which  be 
used  in  his  determinations,  and  for  a  time  all  measurements  of 
very  high  vacua  were  questioned,  but  it  is  now  conceded  that 
with  proper  precautions  approximately  correct  results  are  attain- 
able. 

By  his  discovery,  which  was  annoimced  in  the  first  of  his  three 
papers  dealing  with  flicker  photometry.  Rood  contributed  an 
entirely  novel  and  very  important  principle  to  the  science  of 
pliysiolopcal  optics  and  placed  in  the  hands  of  the  student  of 
illumination  a  valuable  tool.    That  lights  so  differing  in  compo- 
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sition  as  to  produce  unlike  color  impressions  upon  the  retina  are 
incapable  of  direct  photometric  comparison  had  been  universally 
recognized  since  the  enunciation  of  the  scientific  basis  of  the  art 
of  photometry  by  Helmholtz. 

Many  indirect  devices  and  methods  had  been  proposed  to  avoid 
this  difficulty  and  Rood  himself  had  long  had  the  problem  in 
mind.  Indeed,  he  published  a  paper  in  1878  showing  that,  while 
a  direct  balance  of  values  was  impossible,  one  could  obtain  a 
fairly  reliable  estimate  of  the  relative  brightness  of  two  surfaces 
diifering  in  color  by  making  the  one  certainly  brighter  and  then 
certainly  darker  and  striking  an  average.  In  his  return  to  the 
attack  in  1893  he  showed,  however,  that  by  taking  advantage  of 
a  property  of  the  retina  entirely  unknown  to  physiologists  and 
physicists  the  difficulty  of  comparing  unlike  illuminations  van- 
ished altogether. 

When  we  gaze  at  a  surface  that  fluctuates  not  too  rapidly  in 
brightness,  there  is  a  sense  of  flickering,  and  the  same  is  trae 

m 

when  two  surfaces  differing  in  brightness  are  alternately  pre- 
sented to  our  field  of  view.  If  now  the  illumination  of  the  tv^o 
surfaces  be  gradually  equalized,  the  flickering  will  diminish  and 
will  disappear  at  equality.  This  is  obvious  when  we  have  similar 
surfaces  as  to  color  illuminated  by  the  same  quality  of  light  and 
it  forms  a  criterion  quite  independent  of  brightness  that  may  be 
used  in  photometry.  Eood  showed  that  the  disappearance  of 
flicker  occurs  in  the  case  of  two  surfaces  unlike  in  color  or 
illuminated  by  light  differing  altogether  in  composition,  and  that 
in  these  cases  also  its  disappearance  was  a  reliable  criterion  of 
equality  of  brightness.  Thus  a  new  and  invaluable  method  in 
photometry,  that  has  since  been  extensively  employed,  was  estab- 
lished. The  principle  of  flicker  photometry  was  soon  after 
searchingly  and  exhaustively  tested  and  verified  by  Whitman,* 
whose  results  have  since  been  abundantly  confirmed  by  many 
others,  and  what  might  well  be  designated  as  the  Rood  effect  is 
an  accepted  fact  in  physiological  optics  and  an  inestimable  boon 
to  experimental  psychologists,  students  of  color,  and  photome- 
tricians. 

The  remaining  throe  years  of  Rood's  life  were  given  to  investi- 
gations in  quite  a  different  fiekl.     The  problem  which  engaged 

♦Whitman,  F.  P. ;  Physical  Review,  Vol.  Ill,  1896. 
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him  was  that  of  the  measurement  of  exceedingly  high  electrical 
resistances,  and  with  his  usual  fertility  ^e  devised  a  methi)d 
which  immensely  extended  the  possible  range  of  such  determina- 
tions. The  limit  of  even  approximate  estimates  had  been  about 
50,000  megohms.  Rood's  measurements  of  certain  dielectrics 
ran  to  2,000,000,000  megohms. 

In  this,  his  last  research,  a  quality  reappears  which  is  typical 
of  his  genius.  To  many  investigators  a  method  is  of  interest 
only  as  a  means  to  some  definite  result  which  they  wish  to  attain. 
Others  there  are,  and  Rood  was  of  this  class,  to  whom  a  beautiful 
and  ingenious  method  is  in  itself  worth  while.  They  spend 
themselves  for  it  at  no  matter  what  cost  of  time  and  labor,  even 
if  they  have  no  immediate  and  definite  use  for  it.  Rood  had  a 
passion  for  the  development  of  delicate  experimental  methods. 
He  delighted  in  the  tour  de  force  required  to  push  the  sensibility 
of  an  apparatus  to  its  limit  or  in  the  invention  of  some  novel 
device  for  determining  the  hitherto  unmeasurable.  At  one  time 
he  devised  a  means  for  determining  details  which  the  microscope 
failed  to  reveal;  at  another  he  modified  and  defined  Bunsen's 
photometric  device  so  as  to  greatly  enhance  its  sensitiveness. 
Where  Wheatstone  measured  intervals  of  time  not  greater  than  a 
millionth  of  a  second,  he  carried  the  determination  down  to 
times  as  mucli  smaller  relatively  as  a  quarter  of  a  minute  is 
smaller  than  an  hour.  With  his  horizontal  pendulum  he  could 
measure  mechanically  distances  equivalent  to  ten  Angstrom 
units,  or  a  five  hundredth  of  a  wave-length  of  green  light.  His 
modification  of  the  Sprengel  pump  further  reduced  the  gas  in 
the  ordinary  Crookes  vacuum  as  a  common  air  pump  with  valves 
would  take  out  the  air  from  a  receiver  at  atmospheric  pressure 
and  to  about  the  same  extent.  Finally,  in  the  last  of  the  three 
papers  on  high  resistances,  published  but  a  few  months  before  his 
death,  he  describes  measurements,  by  a  unique  method  of  his 
own,  of  resistances  so  great  that  it  is  difficult  to  find  a  concrete 
expression  for  them.  In  the  finest  copper  wire  (No.  40)  such  a 
resistance  would  have  a  length  sufficient  to  make  a  coil  of  one 
thousand  turns  with  a  diameter  equal  to  that  of  the  orbit  of  the 
oartli.  Those  things  and  others  like  them  he  did  for  the  joy  of 
(loincj  thoin ;  and  it  is  supreme  achievement  attained  in  this 
spirit  tliat  marks  one  of  the  highest  types  of  the  man  of  science. 
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Hood  died  on  the  twelfth  of  November,  1902,  after  having 
served  on  the  faculty  of  Columbia  University  for  thirty-eight 
years.  During  this  long  period  he  had  the  satisfaction  of  seeing 
his  department  grow  from  the  meager  beginnings  in  which  he 
found  it  to  an  institution  of  the  first  rank,  handsomely  housed, 
richly  endowed,  and  adequately  equipped. 

In  his  early  days  the  emptiness  of  his  environment  at  Troy 
did  not  prevent  him  from  becoming  an  investigator.  Later  the 
far  more  dangerous  environment  of  New  York  failed  to  coTru])t 
him.  In  it  he  lived  his  own  life,  imtouched  by  the  commercial 
spirit  that  has  wrecked  so  many  promising  careers  in  science, 
and  died  as  he  had  lived,  devoted  to  science  and  to  art,  a  lover  of 
the  country  and  of  children,  a  loyal  friend,  a  simple-hearted  man 
of  genius. 
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